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ABSTRACT

Retention policy for U.S. Navy wholesale inventories in long

supply has been in a state of flux and under Congressional scrutiny

since 1985. This thesis analyzes and compares the U.S. Navy's

current economic retention process to four mathematical Economic

Retention Decision Models designed to assist in making retention

determinations with respect to excess inventories. The motivation

for this research was based on several factors, the two primary

factors were; the Navy does not currently use a classical economic

retention decision model when making retention/disposal decisions

for "essential" material, and U.S. Navy inventories in long supply

were estimated to be as high as 3.4 billion dollars in March 1993.

A Pascal based simulation was developed to compare the Navy's

retention process and the mathematical models. The comparison was

based on performance with respect to the Measures Of Effectiveness

(MOE) of Total Cost and Average Customer Wait Time. The simulation

was designed to emulate the portions of the Navy's consumable item

inventory management system (UICP) applicable to the demand process

for a Navy managed consumable item. The goal of this research was

to determine how effective the Navy's retention process was as

compared with economic retention decision models for both a steady

state and a declining demand environment. In general, results

showed that at least one mathematical model performed better than

the Navy's process for all demand scenarios that were simulated and

that the ideal model varies between demand scenarios and change tin

decision maker's emphasis on the MOEs.
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THESIS DISCLAIMER

The reader is cautioned that computer programs developed in

this research may not have been exercised for all cases of

interest. While every effort has been made, within the time

available, to ensure that the programs are free of

computational and logic errors, they cannot be considered

validated. Any application of these programs without

additional verification is at the risk of the user.
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EXECUTIVE SUMMARY

OVERVIEW: Retention and disposal policy for U. S. Navy

wholesale inventories in long supply has bten in a state of
flux and under congressional scrutiny since 1985. Comments

from che Chief of the Supply Corps on 19 July 1993 indicated

that one of the preeminent issues regarding -: future of the
Supply Corps was inventory reduction, a stated that
inventory reduction is "a congressionally mandated process and
a fiscal necessity .... we must continue to aggressively

pursue inventory reductions in an intelligent manner", and

that it "demands our immediate and continuous attention.",'

An important aspect of inventory reduction is the

retention/disposal process for excess material. This thesis
evaluated the effectiveness of the Navy's UICP economic

retention model. The evaluation was performed by comparing
several mathematical economic retention models with the Navy's

existing retention model.

There were three primary factors that motivated this

thesis. First, the Navy Inventory Control Points (ICP) are
not confident that eight years worth of forecasted annual

demand is an appropriate inventory retention level. Second,

with continued budget reductions and reductions in the size of

'Naval Supply Systems Command, Subject: Naval SupplyCorps FLASH from the Chief, No. 7-93, 19 July 1993.
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the Fleet, excess inventories will continue to be a financial

and administrative burden. For example, as of March 1993 the

Navy held $1.9 billion in Economic Retention Stock and $1.5

billion in potential excess inventory for 1H, 3H and 7 COG-

material. Finally, DOD Regulation 4140.1-R recommends that

better analysis supporting retention decisions be done through

the use of economic retention decision models. The Navy does

not currently use a classical economic retention decision

model when making retention and disposal decisions for

"essential" material.

ANALYSIS: An analysis of the models was performed for a

variety of demand scenarios in both steady state and declining

demand situations. The analysis was designed with two

objectives in mind. The first objective was to determine

which model(s) were most effective in a demand environment

similar to the Navy's stochastic demand environment. The

second objective was to evaluate how the Navy's retention

process performed with respect to the mathematical models.

A discrete event Monte Carlo simulation of the Navy's UICP

demand process and the mathematical retention models was

developed to evaluate the performance of the models. The

'Economic Retention Stock (ERS) is that material which is
more economical to hold for future requirements as opposed to
disposing and reprocuring in the future.

2Cognizant symbols (COG) are two character alpha-numeric
codes which identify and designate cognizant inventory
managers who exercise supply management over a specific
category of material.
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simulation was developed by the author and LT Glenn

Robillard', and was designed to emulate the portions of the

Navy's Uniform Inventory Control Program (UICP) applicable to

this research. The simulation represents the demand process

of a hypothetical Navy managed consumable item. The

evaluation of the models' performance was based on the

measures of effectiveness (MOE' of total cost (TC) over a

specified period of simulation time and average customer wait

time (ACWT) per requisition for all requisitions which occur

over a specified period of simulation time.

The mathematical models chosen for this research were

based on their applicability to the Navy's excess inventory

problem and the simulation. The mathematical models chosen

were Simpson's "Economic Retention Period Formula", Tersine

and Toelle's simple "Net Benefit" model and present value "Net

Benefit" model, and the simple "Net Benefit" model modified to

account for the potential for stockouts associated with Navy

managed items.

The analysis and performance comparisons of the models

were based on MOEs calculated from output data from the

simulation for six basic demand scenarios. The demand

scenarios were based on varying combinations of unit price,

mean quarterly demand and variance of mean quarterly demand.

'LT Robillard is a U.S. Navy Supply Officer and
graduate student at the Naval Postgraduate School studying
Operations Research.

x



For each demand scenario four retention scenarios were

analyzed using the simulation. The four retention scenario

analyses follow. A Total Cost Analysis was performed to

determine what the true optima). amount of inventory to hold

was for a given quantity of initial excess inventory. A

Constant Demand Analysis was performed to compare the various

models to the theoretically optimal retention quantity that

was determined during the Total Cost Analysis. A Declining

Demand Analysis was performed to compare the models under

three scenarios of declining mean demand patterns. Finally,

Sensitivity Analysis was performed for four combinations of

demand scenarios and declining mean demand patterns. The

parameters evaluated in the Sensitivity Analysis were

inventory holding cost rate, obsolescence rate, administrative

order cost rate and salvage rate.

CQtCLUQIDN: The findings of this research showed that none

of the models analyzed consistently yielded the lowest total

cost and ACWT for all of the demand and retention scenarios

examined. As a group, the "net benefit" models performed the

best and generally performed better than the UICP retention

model. Additionally, for most demand scenarios in both the

Constant and Declining Demand Analysis, the decision on which

model to chose could typically be determined by the MOE of

total cost alone. This was due to the fact that the

difference between the various models' ACWTs for each demand

scenario, was generally insignificant. In summary, the above

Xi



findings indicate that. for Navy managed items the "optimal"

retention quantity differs significanty from item to item

based on variations in mean guarteily derand and unit

price.
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I. BACKGROUND

A. INTRODUCTION

Retention and disposal policy for U. S. Navy wholesale

inventories in long supply has been in a state of flux and

under congressional scrutiny since 1985. Comments from the

Chief of the Supply Corps on 19 July 1993 indicated that one

of the preeminent issues regarding the future of the Supply

Corps was Inventory Management/Reduction. He stated that

inventory reduction is "a congressionally mandated process anJ

a fiscal necessity .... we must continue to aggressively

pursue inventory reductions in an intelligent manner," and

that it "demands our immediate and continuous attention" [Ref.

1].

A key aspect of inventory reduction is the process used to

identify two types of inventories: Economic Retention Stock

(ERS) and potential excess inventory. ERS (sometimes referred

to as Economic Retention Requirement (ERR)) is the portion of

the inventory above current requirements which is determined

to be more economical to retain for future use as opposed to

disposing and reprocuring in the future. The sum of current

requirements and ERS is called the Retention Level (RL) when

it is defined in terms of years worth of annual demand and is

called Retention Quantity (RQ) when it is defined in terms of

1



the number of units. For this thesis the retention limit will

generally be expressed in terms of years worth of annual

demand and referred to as the RL. Potential excess inventory

is that portion of material on-hand and on order beyond the

RL.

In 1985 the DOD adopted a policy to retain all units of

any item having application to a weapons system in active use

by any of the U. S. military services [Ref. 2] . This disposal

moratorium was established as a result of inconsistencies the

GAO identified in U. S. Air Force economic retention policy.

In effect, the moratorium eliminated the need for any economic

retention models. Motivated by new GAO findings in 1988 and

1990 regarding the growth of DOD secondary inventories [Refs.

3 & 4], in 1990 the DOD lifted the disposal moratorium [Ref.

2]. NAVSUP Instruction 4500.13 [Ref. 5] was subsequently

issued to provide policy on retention of wholesale Navy

material. The retention limit was set at 20 years worth of

forecasted annual demand for items that have been stocked in

the supply system for more than seven years and coded as

"essential" material. Here "essential" material is defined as

an item whose failure would result in the loss or severe

degradation of priiary mission capability. As a result of the

shrinking DOD budgets and continued congressional concern over

large DOD secondary inventories the retention level tuf

wholesale Navy niaterial was further reduced in August 1992 to

eight years wo-:th of forecasted annual demand [Ret. 6].
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This thesis contains an analysis and comparison of the

U. S. Navy's current economic retention process to four

mathematical/optimization models (Economic Retention Decision

Models) designed to assist in making retention/disposal

determinations with respect to excess inventories. The

motivation for this research was based on three factors.

First, the Navy Inventory Control Points (ICP) are not

confident that eight years worth of foi:ecasted annual demand

is an appropriate RL. Second, with the ongoing budget

reductions and reductions in the size of the Fleet, excess

inventories will continue to be a financial and administrative

burden. For example, as of March 1993 the Navy held $1.9

billion in ERS and $1.5 billion in potential excess inventory

for lH, 3H and 7 COG material. Finally, DOD Regulation

4140.1-R [Ref. 7:p. 4.5] recommends that better analysis

supporting retention decisions be done through the use of

economic retention decision models. The Navy does not

currently use a classical economic retention decision model

when making retention/disposal decisions for "essential"

material.

A simulation was developed in the Pascal programming

language to compare the Navy's retention process and the

mathematical models. The comparison is based on performance

'Cognizant symbols (COG) are two character alpha-
numeric codes which identify and designate cognizant
inventory managers who exercise supply management over a
specific category of material.
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with respect to the measures of effectiveness (MOE) of total

cost (TC) and average customer wait time (ACWT). The

simulation was co-developed by the author and LT Glenn

Robillard, and was designed to emulate the portions of the

Navy's Uniform Inventory Control Program (UICP) applicable to

this research. The simulation represents the demand process

of a hypothetical Navy managed consumable item. The period of

time over which demand is simulated and the characteristics of

the item are specified by the user during the initialization

of the simulation. Measures of effectiveness to be used in

the performance comparison will be calculated front the actual

cost and customer wait time data generated by the simulation.

The UICP retention process and the various retention decision

models will be tested in a variety of simulation scenarios.

The scenarios are based on combinations of:

- unit price
- mean quarterly demand
- variance of quarterly demand
- patterns of declining mean quarterly demand
- levels of excess inventory
- inventory holding cost rate
- obsolescence rate
- administrative order cost rate
- salvage rate

The goal of this thesis is to determine how effective the

Navy's retention logic is as compared with the four economic

retention decision models.

4



B. U. S. NAVY ECONOMIC RETENTION POLICY

As discussed in the introduction to this chapter, the

Navy's Economic Retention policy has been in a state of flux

for approximately nine years. The current RL for "essential"

materials (i.e., Item Mission Essentiality Codes (IMEC) 3, 4,

and 5) is set at eight years worth of annual forecasted

demand, with ERS constrained to a minimum retention quantity

of five units. All material that has been stocked in the

supply system for less than seven years is not subject to a

retention limit. This material is retained until the seven

year waiting period has passed before being subject to

retention review.

Retention and disposal requirements are reviewed by the

ICP semi-annually in conjunction with the execution of the

March and September inventory Stratification, UICP application

B20. Stratification is the process of matching current

inventory to requirements and categorizing inventory based on

the type of requirement. DOD Regulation 4140.1-R [Ref. 7:p.

4.3] defines the Stratification categories as Authorized

Acquisition Objective (AAO), Economic Retention Stock (ERS),

Contingency Retention Stock (CRS), and Potential Reutilization

Stock (PRS). The Authorized Acquisition Objective is a

combination of the peace-time requirements for U.S. Forces

through the end of the second fiscal year following the

current date and the approved stockage requirements for grant-

aid and military assistance programs. Economic Retention

5



Stock is inventory held beyond the Authorized Acquisition

Objective which is determined to be more economical to hold

for future requirements as opposed to disposing and

reprocuring in the future. Contingency Retention Stock is

inventory held for known or potential requirements not covered

by Authorized Acquisition Objective, such as initial

outfitting, mobilization and Foreign Military Sales (FMS).

Potential Reutilization Stock (also known as Potential Excess

(PE)) is all inventory beyond the sum of the Authorized

Acquisition Objective, Economic Retention Stock and

Contingency Retention Stock.

The ICPs will make the final retention/disposal decisions

on material categorized as Potential Reutilization Stock.

When a disposal release order is issued by the ICP, the depot

holding the Potential Reutilization Stock will transfer the

material to Def nse Reutilization Marketing Office (DRMO) for

salvage or reuse. For this research all Potential

Reutilization Stock is assumed to be sent immediately to DRMO

for disposal.

The calculation of Economic Retention Stock (ERS)

performed during the UICP Stratification application is

summarized as follows (Ref. 6,8]:

ER = Max [ (RL-DL-D2-D3-M), 5) 1.1

6



Where:

RL = eight years worth of forecasted annual demand.
D1 = forecasted demand, remainder of current year.
D2 = annual forecasted demand, appropriation year.
D3 = annual forecasted demand, budget year.
M = reorder Objective, which equals the sum of

safety stock, leadtime demand, and an economic
order quantity (EOQ).

The calculation for Economic Retention Stock (Equation

1.1) is based on recurring demand and does not take into

account the portions of the Authorized Acquisition Objective

which are considered non-recurring demand, such as Preplanned

Program Requirements (PPR), Prepositioned War Reserves (PWR),

Other War Reserves (OWR) and outstanding backorders (Due-out).

In addition, Equation 1.1 constrains the Economic Retention

Stock to a minimum of five units, to ensure a minimal buffer

or safety stock is maintained for "essential" material. The

actual amount of inventory held is equal to the sum of

Authorized Acquisition Objective, Economic Retention Stock and

Contingency Retention Stock (where Authorized Acquisition

Objective plus Economic Retention Stock equals the System

Retention Level). By placing the five unit minimum constraint

on Economic Retention Stock, the System Retention Level is

also constrained to a minimum of five units. For this thesis

Planned Program Requirements, Prepositioned War Reserves,

Other War Reserves and Contingency Retention Stock were

assumed to be zero.

Because the key to the amount of inventory categorized as

Economic Retention Stock and Potential Reutilization Stock is

7



the RL, this research will focus on alternative methods of

calculating a RL through the use of Economic Retention

Decision Models.

C. ORGANIZATION OF RESEARCH

The remainder of this thesis will be devoted to the

discussion of mathematical economic retention models, the

development of the analytical approach and simulation, and the

presentation of the simulation results and conclusions.

Chapter II reviews various mathematical models and discusses

selection of the models chosen for the research. Chapter III

develops the analytical approach to be used in comparing the

UICP retention proces to the mathematical models chosen in

Chapter II. Chapter IV provides a description of the

simulation, to include a discussion of the major procedures

and algorithms used. Chapters V and VI present the simulation

results. Finally, conclusions and recommendations are

presented in Chapter VII.

8



II. ECONOMIC RETENTION DECISION MODELS

A. LITERATURE REVIEW

Excess inventories are an administrative and economic

burden which consume valuable warehouse s&'-e deplete working

capital and help to reduce inventory accucacy. In general,

there are two causes for excess inventory. First, the demand

rate may be overestimated due to a forecasting error, a change

in techno.ogy or a change in operating tempo. Second, the

Navy may obtain more units than they intend in a given

replenishment action. This can happen as a result of errors

in procurement document quantities or because the supplier

delivers more units then the Navy requested.

Mathematical models designed to represent the excess

inventory proble, are known as Economic Retention Decision

Models. The objective of an Economic Retention Decision Model

is to reduce the administrative and econonic burden of

carrying excess inventory through disposal of surplus stock.

The approach to determining how much excess inventory to carry

and how much slould be disposed of varies from model to model.

The basic idea behind most Economic Retention Decision Models

is to deterwine the trade-off between the cost to dispose of

material and the cost to hold material. What differs between

models is how to define the cost to dispose of material and

9



the cost to hold material. While considerable literature

exists on determining inventory retention levels, few

researchers have directly addressed the Navy's excess

inventory problem.

1. Heyvaert and Hurt

Heyvaert and Hurt developed one of the first models

that treated the situation in which mean demand is declining,

which is one of the causes of excess inventory [Ref. 9]. The

model was designed to provide a simple, fast anC accurate

method for determining optimal stocking levels for slow-moving

items. A unique objective function based on material storage

costs and the cost of non-satisfaction of a demand was

derived, with the optimal inventory levels (available level)

being determined by minimizing the total cost function (W):

2.1
R = aI + P

a (s-d/2)p + " (S3/2d)P 
2.2

(d-s)pd 2.3

Where:

a = long run mean stock level, assuming variations in
demand are linear.

I = total cost to store one unit during a
replenishment period (t).

10



= expected number of shortages during a
replenishment period (t).

P = total cost resulting from non-satisfaction of a
demand requirement.

s = current inventory on hand and on order (available
level).

d = demand during a replenishment period (t).
Pd = probability that an issue of size d will have to

be made, assumes d has a poisson distribution
with mean = j, 0.1 < . 10.0.

Although this model does not treat the problem of

excess stock generated from reduced demand rate, the concept

of determining optimality based on cost and customer

satisfaction helped motivate the use of total cost and ACWT as

the MOEs to be used in the performance comparison phase of

this research.

2. Rothkopf and Fronovitz

The Rothkopf and Fromovitz model for a save-discard

decision involves a bulk commodity that comes in a rented

container [Ref. 101. Although this model is too specific to

adapt to the Navy problem, it is one of the few models which

deals with the stochastic nature of demand. It also applies

the concept of discounting future costs.

3. Hart

Hart designed a procedure to calculate a procurement

schedule and retention quantity for a selected inventory item

[Ref. 11]. The procedure minimizes the sum of discounted

relevant costs which vary in amount or in timing with changes

in the retention quantity. Relevant costs include the cost of

ii



holding the retained quantity, cost of not scrapping the

retained quantity, cost of delaying the write-off of the

retained quantity (write-off occurs when the material is

either sold or scrapped), cost of procured quantities, and

cost of holding the procured quantities. The minimum cost

retention quantity is determined using a sequential search

procedure based on the "Golden Section" method. For each

retention quantity considered, a procurement schedule is

determined heuristically according to a set of rules based on

Economic Order Quantities and Economic "Bridging" Quantities.

While Hart's model provides an interesting approach to the

excess inventory problem, the level of effort required to

incorporate his model into the Navy's UICP levels software

application was beyond the scope of this research.

4. Simpson

Simpson's "formula" is one of the most frequently

cited works in recent literature dealing with the excess

inventory problem [Ref. 12]. The formula provides a clear and

easy-to-use procedure which was originally developed for

possible implementation by the Navy.

The formula compares the cost of storing material,

considering the chance that it may become obsolete and the

cost of repurchasing the material in the future when needed,

it present surpluses are sold by disposal action today. An

economic retention period formula was derived which equals the

12



cost (per dollar value of material) of retaining X years of

stock (C,) less the cost (per dollar value of material) of

disposing of X years of stock (Ce) . In the derivation of the

formula it was assumed that future demand was known and

constant, all general price levels and rates were also

constant. The derivation is a follows:

Cr 1-(-p)X+r((l-p) (1+i)x+(l-p) 2 (1+i)-l+....(l-p)X(1+i))

2.4

Cd = l-D(! i) M  2.5

Where:

C, = cost of retaining X years of stock.
Cd = cost of disposing of X years of stock.
D = fraction of present unit price of material which

will be realized in disposal sales (i.e. 15 cents
on the dollar, D = .15).

p = fraction of material which will become obsolete in
any one year.

i = annual storage cost rate per dollar of material.
i= annual interest rate.
X = Retention Level (RL).

Equation 2.4 (C,) represents the obsolescence cost and

storage cost incurred from holding material for X years. The

obsolescence cost term (1-(1-p)x) calculates the dollar value

of loss due to obsolescence (per dollar of material)

compounded over X years. The storage cost represents the

cumulative cost of holding inventory X years, where the dollar

13



value of inventory is reduced by p each year due to

obsolescence, and includes the cost (compounded annually) of

lost interest revenue from money used for storage costs.

Equation 2.5 (Cd) represents the cost (per dollar of

material) of furnishing a given quantity of an item at time t,

qiven material was disposed of at time t0 . The cost of

disposal is reduced by the return from disposal sales, which

is increased in value at the compound interest rate until t×.

The value for X, the optimal number of years stock to

be retained (RL) is obtained by equating C1. to Cd and solving

for X. Simpson gives the following such solution:

10afD2U4NR) +Zr(1 tP) (3.+ 1) 12.6X o 4j+riP (+1)I ]

1+1

x =104 I i)

5. Mohon and Garg

The Mohon and Garg model expanded on Simpson's

economic retention period formula by considering the case in

which shelf life is probabilistic [Ref. 13] . They also

derived the specific case in which shelf life is exponentially

distributed. While the Mohon and Garg model may offer some

'Mohan and Garg assume shelf life is a function of
obsolescence and deterioration. The Navy uses a combination
of shelf life codes to account for deterioration of material
and an obsolescence factor included in the system (UICP)
holding cost rate.
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improvements over Simpson's basic formula, it would be

difficult to apply their model in the Navy's UTICP.

Determining the appropriate probability distributions for

obsolescence and deterioration rates to use with the expanded

model would be a complex task. Because of this, a retention

model which has robust performance with respect to

obsolescence rate might be more zappropriate for the Navy.

6. Tersine and Toelle

Tersine and Toelle developed two "net benefit" models

of differing complexity for determining inventory retention

levels [Ref. 14]. The models indicate how much inventory

should be held (economic time supply or RL) and how much

should be disposed of at a specific salvage price for a given

item. In the derivation of both "net benefit" models it was

assumed that future demand was known and constant, all general

price levels and rates were also constant, and no stockouts

were permitted.

The first or simple net benefit (NB) model calculates

the economic time supply of material to hold that maximizes

net benefit (cost savings) resulting from the sale of excess

stock. The formulation of the NB equation and the economic

time supply (t0) is as follows:
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Net Benefit - Salvage Revenue + Holding Cost Savings 2 .7
-Repurchase Cost - Reorder Cost

Salvage Revenue - qP, - P (M-tR) - PE-P,Rt 2.8

Holding Cost Savings - M2PF (M-q) PF 2.9
2R 2R

M2 PF_ RPFt2 MQPF QPFt
2R 2 2R 2

Repurchase Cost = Pq - PM-PRt 2.10

Reordc3r Cost .. y CRt 2.11
Q Q C)

Where:

q = M - tR amount of excess inventory that is
disposed of, in units.

t = time supply, in years worth of inventory
retained.

to = economic time supply in years worth of inventory
retained (RL).

C = ordering cost per order.
F = annual holding ccst fraction.
M = available stock in units.
P = unit cost of the item.
Ps unit salvage value of the item.
Q economic order size in units.
R = annual demand in units.

The resulting net benefit formulation is as follows:

f(t) = RPFt2 4pRpn PFf.ORit+ 2  MQ--P-
2 2 9) 2R 2R PP

2.12
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Note that f(t) describes a parabola and therefore has a single

maximum. By taking the first derivative of f(t) with respect

to t and setting it equal to zero, the economic time supply

(t.) equals:

t P-Po+C/Q+Q 2.13
PF 2B

Since the second derivative of f(t) is negative, t, is located

at the maximum point.

The second model, a present value net benefit (NB-NPV)

model, compensates for the fact that investments occur at

different points in time by discounting them to their present

value. Under continuous compounding, the present value of a

future purchase of an item with a current price (P) at time t

is Pell-)t, where i is the annual inflation rate and k is the

discount rate. For this thesis inflation was assumed to be

zero and the discount rate was set to seven percent.

The formulation of the objective function of the net

present value version of the net benefit model is as follows:

PFtR (ek l) +r P + PQ+Ctft M 2k -1 +[2(1-k) e(Ik)O/RQ1J'!e-k-gtPO

PFM( -)-e - mo + P el- + /c

2.14
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Although Equation 2.14 cannot be solved directly for t,

Newton's method can be used iteratively to obtain a solution.

Where:

f '(ta) 2.15

For this thesis the t, obtained from the NB model was

divided by two and then used as an initial estimate for the

NB-NPV model to. The NB model to was divided by two to ensure

that the initial approximation to the NB-NPV model t, was

sufficiently close to the optimal solution so that Newton's

method would converge upon a solution. This choice of initial

starting solution was particularly important for the demand

scenarios with low unit price, because the RLs for the NB-NPV

model were expected to be significantly less than the

respective RLs for the NB model. Successive values for t were

calculated until It,,.1-tl < 0.01. When this stopping

condition was satisfied, the final to for the NB-NPV model was

set equal to t,1.

Although the Navy UICP assumes that demand is

stochastic and allows for stockouts. Tersine and Toelle's "net

benefit" models are well suited for application in the Navy's

UICP. In an effort to account for the potential for stockouts

due to the stochastic nature of demand typically associated

with a Navy managed item, a modified "net benefit" (NB-MOD)

model was developed.
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Disposal of some quantity of excess inventory will

cause the inventory position (IP) to reach the reorder point

(RO) prior to the time it would have reached the RO without

the disposal of the excess inventory. Therefore, with

disposal the inventory system will experience one or more

additional reorder cycles, depending on the quantity disposed.

Because of the stochastic nature of demand, every additional

reorder cycle exposes the inventory system to an increase in

the number of possible stockouts. In the modification of the

NB model, for every additional reorder cycle that occurs due

to disposal, the net benefit from disposal is reduced by the

expected additional shortage costs. The modified formulation

(NB-MOD) is:

Net Benefit (MOD) = Salvage Revenue + Holding Cost Savings
- Repurchase Cost - Reorder Cost
Shortage Cost

2.16

The new term, shortage cost, is a linear function of

the number of additional reorders (N) that are made due to the

disposal of q units worth of stock. We must first calculate

N:

M (leg)

N= R R M-tR 2.17
Q0
R
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Where:

N = number of additional reorders required due
to the original disposal of q units.

M/R = mean time supply of material without
disposal.

(M-q)/R = mean time supply of material with disposal.
Q/R = mean time between reorders.
E[x>RO] = expected number of shortages in a reorder

cycle.
RO = reorder point.
A = shortage cost per unit.
x = actual demand during a procurement

leadtime.

Now we may obtain the shortage cost:

Shortage Cost = NA(E[x>RO]) 2.18

The expected number of shortages (E[x>RO]) in a

reorder cycle, assuming that X is normally distributed with

mean, p and variance, &' is given by (Ref. 15]:

E[x>RO] = (p-RO) xP (Z> RO-)+ 0xf (z= ROlL) 2.19

Where:

P(Z> RO--) = Probability of a stockout.
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t (z=-ROi) = Standard normal distribution function

evaluated at RO-IL

a

RO = RL + OZ.
Z = standard normal distribution value which

satisfies the UICP "probability of a stockout"'
expression for a given values of R, L, g, 2, F,
P, A, and E.

= mean leadtime demand2.
o2 = variance of leadtime demand3 .
L = procurement leadtime demand in years.

Because the term E[x>RO] in Equation 2.20 is not a function of

t, the expected number of shortages in a reorder cycle is

treated as a constant.

Collecting these terms together, the objective

function of the modified net benefit model is:

_RPFt 2+;1 B + P R M--F MP
f(t) ff. + Nr Pp

2 (PR -P2,QR 2R 2R

+ P E-Pm C M . t-J )(E[x>ROJ) 
2.20

'The UICP levels application calculates the probability
of stockout using the following expression: FP/(FP+AE), where
F is the annual holding cost fraction, P is the unit cost of
an item, A is the shortage cost per unit and E is the military
essentiality.

2In UICP this parameter is PPV.

3In UICP this parameter is B019A.
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Next we must determine if Equation 2.20 is a parabola.

Note that Equation 2.20 can be expressed in the form at-+bt+c

and thus is a parabola [Ref. 16,p.39). By grouping terms

appropriately we obtain the constants a, b, and c:

a=- (RPF 2.212

b= PR-P5R+QPF+-2-AA(E[x>RO]) 2.22
2 QQ

SM2PF Q PF M-A+PJJ F(Ex)RO]) 2.23

By taking the first derivative of f(t) (Equation 2.20)

with respect to t, setting it equal to zero and solving for t,

the modified economic time supply (to) is obtained:

= P-PQN +C+A(E[x>RO]) 2.24
S-PF 2R QPF

Since the second derivative of f(t) is negative, to is located

at the maximum point.

7. Silver and Peterson

Silver and Peterson developed a ru'e for the disposal

of excess inventory which, while derived using a different

approach from that of Tersine and Toelle, yields the same

numerical results [Ref. 17:Chtp. 9]. In a manner similar to
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Simpson's approach, Silver and Peterson focused on the cost of

no disposal (C,,,) versus the cost of disposal (C,). Then,

assuming an EOQ strategy with deterministic demand, Silver and

Peterson formulated an objective function of Cn - C, , where:

= X2vr 2.25
2D 2.26

D 2 D

Where:

CND = cost of no disposal.
CD = cost of disposal.
W - amount of excess inventory to dispose in units.
I = on hand inventory in units.
D = expected annual demand in units.
v = unit price.
g = salvage value per unit.
r = holding cost rate $/$/yr.
A = administrative order cost per order.

The last term in C. represents the inventory holding cost, the

administrative ordering cost and the repurchase cost of the

stock disposed (W) incurred after the stock retained is

exhausted (which occurs at time (I-W)/D and continues until

time I/D). The inventory holding cost and the administrative

ordering cost are calculated assuming an EOQ strategy. The

repurchase cost of the stock disposed (W) is calculated

assuming the repurchase unit cost equals the unit cost at the

time of disposal.

By taking the first derivative of the objective
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function (CNn - CD) with respect to W and setting it equal to

zero we obtain Silver and Peterson's "decision rule for

disposal," an expression for W, which maximizes CN, - Cc,.

.D(v-g) 22At = X-EOQ- D~-)2.27
VZ*

Although Silver and Peterson used a different approach

in the formulation of their model than Tersine and Toelle, it

can be show that Silver and Peterson's "decision rule for

disposal" and Tersine and Toelle's simple "net benefit" model

yield the same results. Using Silver and Peterson's notation

it can be shown that Tersine and Toelle's economic time supply

(t,) multiplied by annual demand (D) equals Silver and

Peterson's equation for the amount of inventory to retain (I-

W), as follows:

t.xD = D(v-g) + DA +___
v v~rEOQ 2

substituting V for EOQ yeilds

t _XD D (v-g) DA +

D J(v-g) +.2 Ar

= D(v-g) + FOQ = I-w
VI

QED
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Because the two derivations result in the same

economic retentic-, decision, only the notation from one

derivation was used in the thesis. Tersine and Toelle's

notation and approach was zhosen, primarily because of the

extensive background provided on the excess inventory problem

and the thorough development of the derivation of their model.

8. Rosenfield

Rosenfield developed a model for the optimal number of

items to retain for slow moving or obsolete inventories under

conditions of stochastic demand and perishability (shelf-life)

[Ref. 18]. This model is one of the few that addresses the

probabilistic nature of demand for the general excess

inventory problem. Rosenfield's basic model assumes that

episodes of demand can be represented by a renewal process.

This allows for a variable number of units demanded per

episode. The model determines the correct number of units to

retain. In the model a unit is worth disposing of if its

immediate salvage value (it's present resale value) exceeds

it's expected discounted sales value (from a future sale if

the unit is held in inventory) minus the expected holding

costs to be incurred (until the time of sale).

Because Rosenfield's final expression for the number

of units to retain contains the moment generating function for

the distribution of time between demand episodes, the model

becomes complex when the distribution of demand episodes is
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not a Poisson distribution. Although this model may have

application to the Navy's excess inventory problem, the level

of effort required to incorporate Rosenfield's model into the

Navy's UICP levels software application was beyond the scope

of this research.

B. SUMARY

The mathematical models chosen for this research were

based on their applicability to the Navy's excess inventory

prcblem, the UICP model, and the simulation. The models

chosen were:

- Simpson's "economic retention period formula" (TRAD).

- Tersine and Toelle's simple "net benefit" model (NB)

- Tersine and Toelle's present value "net benefit" model
(NB-NPV).

- The modified "net benefit" (NB-MOD), a version of the
simple "net benefit" model.

These models, together with the Navy's UICP current retention

logic, will be referred to as the "models" throughout the

remainder of the thesis.

Aithough the UICP model was developed under the assumption

that demand is stochastic, all the mathematical models listed

above were developed under the assumption that demand was

deterministic (with the exception of NB-MOD). The decision to

use primarily deterministic models was based on two factors.

First, as Simpson [Ref. 12] discussed, the effect the

deterministic assumption has on a Retention Level (RL) is not
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significant. Secondly, the difficulty of incorporating into

the UICP model and into the simulation the stochastic models

reviewed does not justify the small improvement in accuracy

which, according to Simpson, we would experience. Because a

true stochastic economic retention model was not used in this

research, a Total Cost Analysis (see Chapter III.C.1) was

conducted to develop a baseline, with respect to cost, to

evaluate how the deterministic models actually perform in a

stochastic environment.

27



IXI. RESEARCH APPROACH AND ANALYTICAL METHOD

A. OVERVIEW

The analysis that was done for this thesis made use of a

simulation that was written in Pascal. The simulation was

developed to represent the Navy's UICP model as well as the

mathematical models that were analyzed in this research. A

complete discussion of the simulation program is contained in

Chapter IV.

The analysis and pecformance comparisons of the models

were based on MOEs calculated from simulated data for six

basic demand scenarios. For each demand scenario four

retention scenarios were analyzed using the simulation. A

Total Cost Analysis was performed to determine the optimal

amount of inventory (from just the cost standpoint) to hold

for a given quantity of initial excess inventory, A Constant

Demand Analysis was performed to compare the various models to

the theoretically optimal retention level that was determined

during the Total Cost Analysis. The same input parameter

values were used in the Constant Demand Analysis as in the

Total Cost Analysis. A Declining Demand Analysis was

performed to compare the models in three scenarios (patterns)

of declining mean demand. Finally, Sensitivity Analysis was

performed on various combinations of demand scenario, pattern
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of declining mean demand, and the parameters of administrative

reorder cost rate, salvage rate, inventory holding cost rate,

and obsolescence rate. (A complete discussion of the

Sensitivity Analysis is contained in Chapter VI.)

Table 1 provides a summary of retention scenario s, cross

referenced by demand scenario and mean quarterly demand

pattern. Each entry in the table represents a set of

simulations and will be referred to as a simulation setting.

The meanings of the demand scenario acronyms can be found in

Table 2. A summary of the 16 specific settings to be

considered in the Sensitivity Analysis is provided in Chapter

VI, Table 9.

In the performance comparison phase of the research the

models were ranked based on the MOEs of total cost and ACWT.

The comparisons were done by demand scenario for the results

from the analysis scenarios of Constant Demand Analysis,

Declining Demand Analysis, and Sensitivity Analysis. Multi-

Attribute Decision Making techniques and hypothesis tests

based on a paired difference t-test were used to compare the

performance of the models.

S. DEMAND SCENARIOS

Items managed by the Navy are assigned a Navy Mark Code

based on unit price and mean quarterly demand. The Mark Code

indicates the probability distribution for leadtime demand and

the inventory level setting method to be used in the UICP
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model (Ref. 19:p. 3-9]. Six hypothetical items based on the

Mark Code designation criteria were selected for use

throughout the research. The hypothetical items, called

demand scnnarios, were chosen so that the effect of varying

level setting computation methods, unit price and mean

quarterly demand on economic retention decisions could be

analyzed. The demand scenarios described in Table 2 are a

function of tne probability distribution of demand episodes,

TABLE 1. SUMARY OF SIMULATION SETTINGS

DEMAND
SCENARIO

HDHVHP HDHVLP HDLVHP HDLVLP LDHP LDLP
DEMAND
PATTERN

CONSTANT CA TCA 2A 2CA 2rcA TCA
MEAN

DEMAND CZA CDA CDA CDA CDA CDA

DECLINING
MEAN DDA DDA DDA DDA DDA DDADEMAND
"STEP"

DECLINING DAI PM
MEAN DDA DDA DDA DDA

DEMAND SA (1 Xj SA (i6)
"CONVEX" I

DECLINING DDA DA
MEAN DDA DDA DDA

DEMAND SA (16) SA (16) DA
"CONCAVE" [
Legend: TCA = Total Cost Analysis, CDA = constant Demand

Analysis, DDA = Declining Demand Analysis, SA =
Sensitivity Analysis (16 simulation settings for
each demand scenario and demand pattern combi-
nation).
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mean quarterly demand (high and low), variance of quarterly

demand (high and low), and unit price (high and low). Demand

variance for the demand scenarios with a normal distribution

are classified as high (with a standard deviation to mean

ratio of 1.25) and low (with a standard deviation to mean

ratio of 0.30) [Ref. 20].

TABLE 2. DEMAND SCE IS

NAVY PROBABILITY MEAN DEMAND UNIT ACRONYM
MARK DISTRIBUTION QUARTERLY VARIANCE PRICE($)
CODE DEMAND

-, m -,,,

4 Normal Highs 20 High: 625 High: 1500 HDHWI

4 Normal High: 20 Low: 36 High:l500 HDLV'HP

2 Normal High: 20 HIgh: 625 Low; 20 HDHMVLP

2 Normal High: 20 Low: 36 Low: 20 HDLVLP

3 Polaaon Low: 2 N/A Hgi:1500 LDHP

1 Polason Low: 2 N/A Low: 20 LDLP

C. ANALYSIS SCENARIOS

1. Total Cost Analysis

This analysis was performed to compute a total cost

for 100 quarters of demand activity for a given demand

scenario based on t'- rollowing set of assumptions. Assume at

time zero the inventory is in an excess position and an

immediate retention/disposal decision is made. Next, assume

that this is followed by 100 quarters of demand activity with

a stationary quarterly mean demand. The initial on-hand
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inventory selected for demand scenarios with high unit price

was equal to 20 years of average annual demand. For demand

scenarios with low unit price, the initial inventory was equal

to 25 years of average annual demand. A total cost was

calculated for various retention levels beginning with a level

equal to 0.5 years of annual demand and continuing, in

increasing increments of 0.5 years annual demand. Retention

levels were not increased beyond the inventory on hand at time

zero. Based on an initial inventory of 20 years worth of

annual demand for the demand scenarios with high unit price,

40 total cost1 data points (retention levels) were calculated.

These data points were used to construct total cost curves for

the demand scenarios with high unit price. Based on an

initial inventory of 25 years worth of annual demand for the

demand scenarios with low unit price, 50 total cost data

points (retention levels) were calculated. These data points

were used to construct total costs curves for the demand

scenarios with low unit price.

Each total cost data point is discounted to current

year dollars and is equal to the sum of material cost,

administrative ordering cost, inventory holding cost, shortage

cost and salvage revenue which accrue over a simulation period

(See Equations 3.1 and 3.2). The total cost data points for

'The total cost figure used for each data point is the
average total cost over all replications of the respective
simulation.
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each demand scenario were then plotted to form a total cost

curve (See Appendix E, Graphs 13 through 24). The goal of the

Total Cost Analysis was to determine if a minimum total cost

associated with a single retention level existed in a

stochastic demand environment in the same way as shown by

Tersine for the deterministic case [Ref. 141. The minimum of

each total cost curve was used to obtain the optimal retention

level for each demand scenario. These optimal retention

levels were used as a benchmark for comparing the performance

of the models in the Constant Demand Analysis phase.

2. Constant Demand Analysis

This analysis was designed to compare the performance

of the models to the performance of the optimal retention

level determined in the Total Cost Analysis. The comparison

was done for all combinations of the demand scenarios and the

models under the same simulation settings that were used in

the Total Cost Analysis. The goal of this analysis was to

determine, for each demand scenario, how the models performed

in the Navy's stochastic demand environment with respect to

the optimal retention level.

3. Declining Demand Analysis

This analysis was designed to compare the models under

a scenario involving declining mean quarterly demand. Three

patterns of declining demand where developed for this

analysis. The declining demand patterns represent possible
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effects the reduction in Naval Forces and budget might have on

demand for Navy managed items. In Appendix 2, Graphs 1

through 6 depict the six patterns of declining demand that

were used. Demand activity for these scenarios begins with a

pattern of 30 quarters of stationary mean quarterly demand.

This allows the simulation model to reach steady state as

discussed in Chapter IV. This was followed by 20 quarters

with declining mean quarterly demand and finished with 16

quarters of constant mean quarterly demand, The 16 quarter

period was included to allow the determination of the long

term effect that a specific retention policy might have on

performance. Over the period of the decline of the mean

quarterly demand, for demand scenarios with a high mean

demand, the demand decreased from a mean of 20 units per

quarter to a mean of 2 units per quarter. The mean quarterly

demand for demand scenarios with low demand dacreased from a

mean of 2.0 units per quarter to a mean of 0.2 units per

quarter. The comparison of model performance was done for

all combinations of the demand scenarios, models, and decline

patterns.

D. PERFORMANCE COMPARISONS

The concept behind the perfontLance comparisons is to

provide Navy inventory modelers with some quantitative data

that will help them select the most suitable model to use in

a given situation. The use of total cost and ACWT as the MOEs
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was motivated by two factors. The first was Heyvaert and

Hart's use of cost and customer satisfaction in the

development of their model [Ref. 9], which in essence asserts

that when evaluating a model total cost is not the only

evaluation criteria to consider. Modelers should also

consider how a model satisfies customer requirements. The

second was the fact that total cost and ACWT are generally of

primary concern to the managers at the Navy's inventory

control points when they make inventory policy decisions.

The total cost MOE (Equations 3.1 & 3.2) is based on the

Navy's UICP model total cost objective function [Ref. 19:p. 3-

A-4J. Total cost is discounted to current year dollars and is

equal to the sum of material cost, administrative ordering

cost, inventory holding cost, shortage cost and salvage

revenue which accrue over a simulation period. Costs were

discounted because of the length of time (simulation period)

over which the analysis was performed. Additionally, costs

were discounted to evaluate the effect, over time, the models'

varying disposal decisions had on total cost.

t (JO + c k+ 13( .6c H) SC D P)2'C(D) = 9 k- L )3.1

( I = )  3.2
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Where:

TC(D) = total discounted cost for one replication of
a simulation given D units disposed during
the simulation period.

F = discount factor.
Qk = number of units ordered during quarter k.
P = unit price.
A = administrative order cost.
Ck = number of orders placed during quarter k.
Ej = inventory on hand at the end of week j.
H = holding cost fraction ($/unit-yr).
Tk = time Weighted Units Short (TWUS) for quarter

k, see Equation 3.4.
S = shortage cost ($/unit-yr).
Dk  number of units disposed of during quarter k.
R = salvage rate (a fraction of P).
i = discount rate.
q number of quarters simulated.
j = summation index for 13 weeks of a quarter.
k = summation index for the number of quarters

simulated.

The ACWT measures the mean tiit.l required, in days, for the

wholesale supply system to meet customer demands. ACWT for

one replication of a simulation equals the time weighted units

short (TWUS) divided by the total demand (D) over the

simulation period (Equations 3.3 & 3 4). The simulation ACWT

was equal to the average of all replication ACWTs.

3.3
ACWT TWUSD

TWUS = [(R01 -BOD) xARj] 3.4
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Where:

n = number of backorders (in units) for
measurement period.

RD = receipt date of the ithbackorder.
BODi = date the ithbackorder occurred.
AR = amount of i'h backorder (in units) filled on

RD1 .

The actual performance comparisons were done using two

methods. One method is the paired difference t-test and the

other method is Multi-Attribute Decision Making (MADM).

1. Paired Difference t-Test

Hypothesis tests based on a paired difference L-uest

statistic [Ref. 21:p. 572] were conducted on the results of

the Constant Demand Analysis, Declining Demand Analysis, and

Sensiti7ity Analysis simulations to determine which model(s)

performed better than all others in each MOE category. Given

that model "X" had the best result for a specific MOE, the

null hypothesis was that the corresponding result, for every

other model was equal. The alternative hypothesis was that

the corresponding result, for every other model was not equal

to the result for model "X."

The paired difference t-test was used because there

was dependence between the MOE results of the models for each

setting simulated. The dependence was attributed to the fact

that for each replication of a simulation, the randomly

generated demand streams were identical for all the models

within a setting. Further discussion of the relationship

between random number generation and the dependency of results
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is contained in Chapter IV.

2. Multi-Attribute Decision Making (1ADM)

In order to compare the models performance, the

decision analysis technique known as Multi-Attribute Decision

Making (MADM), a subset of the decision making processes known

as Multi Criteria Decision Making (MCDM), was used. There are

four characteristics which make this performance comparison a

Multi-Criteria Decision Making problem [Ref. 22,p. 2] . First,

there are multiple attributes (MOEs of total cost and average

customer wait time) . Second, there is conflict among the

MOEs, i.e. the higher the TC (which is bad) the lower the ACWT

(which is good). Third, the MOEs have different units of

measure (TC is per simulation period and ACWT is in terms of

days per requisition) . Fourth, the selection of the best

model is to be made based on each model 's level of achievement

in the MOEs of TC and ACWT [Ref. 22,p. 3]. The primary

feature which makes the model selection decision a MADM

process is that there are a limited number of predetermined

alternatives [Ref. 22,p. 3]. In this case the alternatives

are the retention models being analyzed. By using the MADM

technique a final decision (model selection) can be made.

The Simple Additive Weighting Method, one of the best

known and widely used methods of MADM, was the method used for

this thesis [Ref. 22,p. 99-103]. To determine a preferred

model, a decision matrix must be constructed that includes the

38



MOE values for each model. Because the Simple Additive

Weighting Method requires a comparable scale for all elements

in the decision matrix, a comparable scale matrix is obtained

using Equation 3.7 to convert the MOE values to comparable

units. In addition to the comparable scale decision matrix,

a set of importance weights are assigned to the MOEs, V =

{WTc,WA(l. It should be noted that V is normalized to sum to
one. The weights should reflect the decision makers marginal

worth assessment for each MOE. A total score (weighted

average) for each model (Aj) and the most preferred model (A*)

can be determined as follows:

3.5

A* =zMax {AlVi = 1,-,m)
2 3.6

T.W 3.7

= rin fxJVI = 1,... .,m I xj

Where:

m = the number of models being analyzed.
i = the ilh model of the m models.
j = the MOEs of TC (j=l) and ACWT (j=2).
wj = the importance weight for the jth MOE.
rlj = the comparable scale value for the ji" MOE of

the ill model.
xij = the jth MOE value for the ilil model.

Although MOE results (x1,) are transformed onto a

comparable scale (ri1) by Equation 3.7, the decision makers

39



perspective regarding a difference of 0.2 between two model's

r,, for the attribute of ACWT may not have the same

significance as a difference of 0.2 between the same model's

ril for the attribute of TC. For example, if the ACWT xi. is

1.0 day in Model 1 and 0.8 days in Model 2 and the TC x 1 is

$80,000.00 in Model 1 and $100,000.00 in Model 2, a decision

maker would probably consider the change in the TC x,1 s to be

more significant. But if TC and ACWT are weighted equally

Model 1 and Model 2 would have the same A1 . The key to making

effective use of MADM techniques is selecting proper MOE

weights. Weights should be chosen to reflect the relative

significance of trade-offs between TC and ACWT.

Because the selection of MOE weights is somewhat

subjective and could vary between decision makers, three sets

of weights were used when comparing the performance of the

models (see Table 3). The use of three sets of weights will

show the sensitivity of model selection to MOE weights. The

sensitivity of model selection to changes in MOE weighting

should also identify models which perform better with respect

to total cost or ACWT.

TABLE 3. MADM MOE WEIGHT SETS

SET TC ACWT

1 0.75 0.25

2 0.50 0.50

3 0.25 0.75
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Due to the subjective nature of MOE weight selection

and the difficulty of determining the relative significance of

trade-offs between ACWT and TC between various models, the

MADM results should not be considered a solution to the

problem. For this thesis the results were used to help

develop criteria for selecting a model based on demand

scenario and the decision maker's emphasis on the MOEs of TC

and ACWT.
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IV. SIMULATION

A. SIMULATION STRUCTURE

A discrete event Monte-Carlo simulation was used to obtain

statistical estimates of the values of the measures of

effectiveness used in the thesis. The events of the

simulation occurred on a quarterly basis and were defined by

the activities associated with the UICP demand process.

The main routine of the simulation was representative of

the actions which occur in the Navy's UICP model given the

quarterly generated demand observations. Execution of these

actions is controlled by two "for" loops. The outer "for"

loop controlled the number of replications of the simulation

to be run. The inner :for" loop performed the functions of a

simulation clock and timing routine, where each increment of

the inner "for" loop represented one quarter. The major

procedures which are called in the timing routine are: Demand

Observation Generaticn, Demand Forecasting, Invertnry Level

Setting (Levels), and Supply/Demand Review (SDR). complete

copy of the simulation is included in Appendix D e Pascal

code can be obtained from Navy Ships Parts Control 'enter,

Code 046, Mechanicsburg, PA 17055-0788).
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1. Demand Observation Generation

Demand observations for the number of quarters

simulated, for each replication of a simulation, are generated

using an appropriately transformed pseudo-random ntumber

generator. The resulting demand stream is a function of the

probability distribution that is selected (Normal or Poisson),

the mean quarterly demand, and the variance of demand. The

probability distribution, mean quarterly demand, and variance

of demand are specified during initialization of the

simulation. The method for generating a unique demand stream

for each replication of a simulation is discussed later in

this section.

The algorithm for generating demand observations with

a Poisson(X) distribution was based on the relationship

between the Poisson(X) and Exponential(1/X) distributions

(Ref. 23:p. 503]:

1. Let a = e2 b = 1, and i = 0.
2. Generate U,,, - U(0,1) and replace b by bU41.

If b < a, return X = i.
Otherwise, go to step 3.

3. Replace i by i + I and go back to step 2.

The algorithm returns X, when the £=±(-!og(U)) is less than

•X (equivalently, when n=, (Ui) < e-x). Because the -log(U)'s

are extninential, they can be interpreted as the interarrival

times of a Poisson process having rate 1. Therefore, X = X(X)

is a Poisson random variate equal to the number of events that
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have occurred by time X.

The algorithm for generating demand observations with

a Normal distribution was based on the "polar method"

[Ref. 23:p. 491]:

1. Generate U and U, as IID U(0,1),

let Vi = 2U1 - 1 for V, and V.,

and let W = V, 2 + V .
2. If W > 1, go back to step 1.

Otherwise, let Y = [-21n(W))/W]*12,

X, = VY and X2 = V2'.

Then X, and X2 are IID N(0,1) random variates.

The Uniform (U(0,1)) random number generator used in

the Poisson and Normal random variate algorithms is a prime

modulus multiplicative linear congruential generator Z[i] =

(630360016 * Zfi-lJ) (mod 2147483647), based on Marse &

Robert 's portable FORTRAN random number generator UNIRAN [Ref.

23:p. 447]. The simulation has the capability to produce

20,000 unique seeds for the random number generator based on

the NXSEED function, also from Marse & Roberts [Ref. 23:p.

456]. Using the NXSEED function, a unique demand streams for

each replication of a simulation is generated by reseeding the

random number generator with a new seed prior to generating

the next replication demand stream. A further discussion of

seed selection and unique demand stream generation is

contained in Section IV.B.2.

Because the internal execution of the Supply/Demand

Review procedure is on a weekly basis, each quarterly random
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demand observation is subdivided into a 13 week demand stream

as follows:

1. For i = 1 to 13, the demand observation for

week(i) = 0.

2. For i = 1 to current quarter's demand observation

a. Generate a random uniform integer(X) from 1 to

13.

b. increment the demand observation for week(X)

by one.

This routine randomly disperses one quarters worth of demand

throughout the 13 weeks of a quarter.

An option at simulation initialization is to include

one to five trend periods and/or one to five step changes in

mean quarterly demand (D[t], where t equals a specific

quarter). The trend function follows an exponential growth

pattern of the form [Ref. 24]:

D[C] = No * (1+A*t(0) 8 ) 4.1

Where:

MO = initial Trend Mean, the mean quarterly demand
at the beginning quarter of a trend period.

A = trend coefficient.
t(O) = at the beginning of each trend period this

variable is reset to one and incremented by one
at each quarter during a trend period.

B = trend power function.

The number of trend periods, the quarters in which a trend

starts and stops, and the parameters A and B for each trend
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period are specified during initialization of the simulation.

The step function applies a step multiplier (any non-negative

number) to D[t-1] to determine D[t) [Ref. 24]. The number of

steps, the quarter in which the step occurs (D[t]) and the

step multiplier are specified during initialization of the

simulation.

2. Forecasting and Inventory Levels Setting

This part of the simulation was written to emulate, as

closely as possible, the forecasting and cyclic levels

application (D01) of the UICP model.

a. Foreca ting

NAVSUP Publication 553 [Ref. 19:Chap. 3] contains

general background information on the forecasting application

in the D01 application. Single exponential smoothing or a

moving average is used to forecast mean quarterly demand,

depending on the results of step and trend tests. Single

exponential smoothing or a power rule is used to forecast Mean

absolute deviation of demand (MAD), depending on the results

of step and trend tests. A smoothing constant of 0.01 was

used for exponential smoothing in the simulation.

Prior to actual computation of the next quarterly

demand forecast, the most recent quarterly demand observation

is examined by two processes: "step" filtering [Ref. 19:Chap.

3]; and the Kendall trend detection test (Ref. 25]. These

tests are used to determine if there has been a change in mean
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quarterly demand that is significant enough to warrant

discarding most of the historical demand data and to recompute

the forecast using only recent data. When the process is "out

of filter" or a trend is detected a four quarter moving

average is used to compute the next forecasted mean quarterly

demand. The MAD is then forecasted using a power rule [Ref.

26].

b. Levels Computation

NAVSUP Publication 553 [Ref. 19:Chap. 3] contains

a description of the Levels computation application in the

DO]. The purpose of this part of the software is to compute,

for a given Navy managed item, the economic order quantity and

reorder point for the next quarter. The UICP calculations for

inventory levels were developed within the guidelines of DOD

Instruction 4140.39. Note that these guidelines follow an

approach used by Hadley and Whitin [Ref. 27]. The optimal

inventory levels are determined by minimizing an average

annual variable cost equation composed of ordering, holding,

and shortage costs. The level setting calculations in the

simulation are based on FMSO Level Setting Model Functional

Description PD82 [Ref. 28] which was written by the Navy Fleet

Material Support Office. Executable code obtained from the

Navy Ships Parts Control Center (Code 046) was used in the

simulation to perform the actual level setting calculations.
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3. Supply/Demand Review (SDR)

The SDR routine of the simulation was coded to

replicate the UICP model when processing material receipts,

issues, and orders. In addition, a material disposal function

was incorporated in the routine. The disposal function occurs

bi-annually in conjunction with inventory stratification and

executes economic retention decisions. The events in the

SDR routine are driven by the output from the Demand

Observation Generation, Forecasting, and Levels routines for

the respective quarter. The SDR routine is called once a week

during each quarter and the events occur in the following

sequence: material disposal (this disposal routine is used

only during the first week of the first and third quarters of

each year), receiving, issuing, and ordering. In addition,

the SDR routine calculates and records data for TWUS, ACWT,

and total cost.

a. Material DISpoaala

A semi-annual inventory stratification was

performed to determine the "retention level" and to calculate

the amount of "potential excess." The economic retention

model specified during initialization of the simulation is

used to perform these calculations. The models available in

the simulation are:

- UICP
- Optimal
- Traditional (TRAD)
- Net Benefit (NB)
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- Net Benefit-Mod (NB-MOD)

- Net Benefit-NPV (NB-NPV)

For simulation purposes all "potential excess" is

disposed of immediately and revenue from disposal is

determined by multiplying the unit price of the item by the

quantity disposed and the salvage rate (salvage rate is

specified by the user during initialization of the

simulation). Total cost for the simulation period is reduced

by the discounted revenue recognized from disposal.

b. Material Recelpt

Outstanding reorders are maintained in a "priority

heap" (Ref. 29:p. 149] in order of scheduled receipt date. If

an outstanding reorder ip due in the current week, the reorder

is removed from the outstanding reorder heap. The receipt

quantity is applied to the outstanding backorders heap.

Backorders are removed from the heap and filled until all the

backorders were filled or the receipt quantity is exhausted.

If all backorders are filled, the remaining receipt quantity

is added to the current on-hand inventory.

c. Material lasue

If a demand is generated in the Demand Observation

Generation routine tor the current week and the current on-

hand inventory is sufficient to meet the requirement, then

material is issued and the on-hand inventory is decreased by

the amount of the demand. When the requirement is greater

than current on hand inventory, a backorder is created for the
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amount of the requirement in excess of current on-hand

inventory. The backorder is inserted into the outstanding

backorder heap, a FIFO priority heap [Ref. 29:p. 149], based

on the date at which the backorder occurred.

d. Material Order

At the end of each week the inventory position

(IP) is examined to determine if a reorder is necessary [Ref.

19:p. 3.24/253.' If IP is less than or equal to the reorder

point CRO) then a reorder is placed. An RO is calculated for

each quarter in the Levels routine prior to making the weekly

calls to the SDR routine. The reorder quantity (ROQ) equals:

ROO = HOQ+RO BO-OH-OS 4.2

Where:

IP = OH + OS - BO
EOQ = economic order quantity for current quarter,

based on output from the Levels routine.
RO = reorder point.
BO = total backorders outstanding at the end of the

current week.
OH = total on hand inventory at the end of the

current week.
OS = total quantity of material on order at the end

of the current week.

A random procurement leadtime is generated at the

time of reorder and a receipt date equal to the current date

plus this generated procurement leadtime is assigned tc the

'SDR is currently run somewhat less frequently and less
regularly than once a week at the Navy Inventory Control
Points.

50

- i i ii i ... .. . I iI . . ...



reorder. The reorder is then inserted into the outstanding

reorder heap. The random procurement leadtime is based on a

normal distribution with mean of eight quarters and variance

of 64 quarters. The actual procurement leadtime used is

constrained to a maximum of 14 quarters and a minimum of two

quarters.

B. SIMULATION SET-UP

1. system Parameters

The UICP model system parameters and their default

settings are displayed in Table 4. The default values are the

same as those used In the UICP, Computation and Research

Evaluation System (CARES-D56) [Ref. 30].' Although any of

these parameters may be changed during initialization of the

simulation, the default CARES values were used for Total Cost

Analysis, Constant Demand Analysis, and Declining Demand

Analysis simulations. The capability to change these default

values was used in the Sensitivity Analysis simulations.

TABLE 4. SYSTEM PARAMETERS

Probability Break Point: 0
Min Risk(Prob of a stockout): 0.10
Max Risk(Prob of a stockout): 0.35
Shelf Life Code: 0
Order Cost Rate: 400.00:$/order
Obsolescence Rate: 0.12:$/unit-yr
Unit Price: 1500.00:$/unit

'CARES is an application designed to provide ICP
management with a tool to analyze and evaluate alternative
inventory management policies prior to their implementation in
UICP.
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Time Preference Rate: O.07:%/yr
Salvage Rate: 0.02:%iunit price
Storage Rate: O.Ol:$/unit-yr
Procurement LeadTime: 8.00:qtrs
Shortage Cost: o100.O0:$/unit-yr
Military Essential: 0.50
Requisition Size: 1:unit/requisition

2. Random Number Seeds

As discussed in Chapter IV.A.l there is an array of

20,000 seeds available to seed the random number generator for

each replication of a simulation. During the initialization

of the simulation any series of seeds in the array equal to

the number of replications can be chosen. For example, in a

100 replication simulation, the series of seeds from 1 to 100,

900 to 999 or 10001 to 10100 can be specified, as long as the

starting seed position in the array is less than cr equal to

20,000 minus the number of replications for the simulation.

The purpose of this feature is to allow for generation of

dependent or independent output samples from two or more

simulations. The importance of this feature is that it

affects the type of statistical test which may be performed

when comparing the output from two or more simulations.

For this thesis, dependent output samples were created

for all simulations run within each setting. This was

accomplished by specifying the same series of seeds for demand

stream generation for each simulation in a setting. Using

dependent demand streams for performance comparisons allows

for the comparison of the models in a similar demand
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environment. However, the analysis must be done using a

statistical test for dependent samples such as the paired

difference t-test. If independent samples are desired, each

simulation would have to be run using a unique series of

seeds.

3. Number of Replications

In order to obtain reasonable precision in the

confidence intervals for the estimates of ACWT and total cost,

the absolute error method [Ref. 23:p. 536] was used to

determine the total number of replications to run. By using

the absolute error method with a simulation run consisting of

400 replications, absolute errors were obtained of no more

than 20% of the true mean ACWT and no more than 7.5% of the

true mean total cost with a probability of 0.95. Based on

these results. 500 replications were used in all simulations.

This yielded an absolute error of no more than 15% for the

true mean ACWT and no more than 5% for the true mean Total

Cost with a probability of 0.95. Although the error for ACWT

may appear rather high, the error, when measured in days, was

typically less than two days.

4. Initial Conditions Warm-up Period for Declining Demand

Analysis

Inherent in the simulation of a stochastic process is

the initial transient or the start-up problem. The difficulty
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is in determining the warm-up period for a mode].. The warm-up

period covers the time it takes for the means of the random

variables being measured in a simulation to converge to their

steady state values.

We employed the "graphical procedure" that is due to

Welch [Ref. 23:p.5441 to identify when the simulation

approached steady state- The Welch procedure is applied to

each demand scenario. The Welch graphs (Appendix E, Graphs 7

- 12) were generated from data that was obtained from a 100

replication, 80 quarter simulation. The steady state random

variable shown in the graphs is the investment (measured in

units) in a given quarter, averaged over all replications.

Investment in this case is the number of units on-hand plus

the number of units in outstanding orders at the end of a

quarter. Investment was chosen because it most accurately

reflects the balance between material issuing anO ordering and

when the inventory system has reached equilibrium or steady

state. Based on Graphs 7 - 12 in Appendix E, it was

determined that the simulated model reaches steady state with

respect to investment by quarter 30 at the latest for all

demand scenarios.

The amount of time the random variable's mean remains

in a transient state is affected by the initial conditions of

the simulation. In an effort to reduce the warm-up period,

the following logic was used to determine the initial on hand

quantity, and to schedule receipt dates and quantities for
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reorders outstanding at the start of the simulation. The

initial quantity of on hand inventory is set equal to EOQ

divided by 2 plus safety stock [Ref. 17 :p. 275]. Safety stock

is set equal to the reorder point minus the forecasted

leadtime demand [Ref. 19:Chap. 3]. The number of reorders

outstanding at the start of the simulation is set equal to the

expected number of reorders outstanding at any instant of time

for the deterministic setting. This number equals the

procurement leadtime divided by a reorder interval (using a

0.5 rounding rule), where a reorder interval equals the EOQ

divided by the forecasted quarterly demand [Ref 31:p. 931.

For all simulations the EOQ, reorder point, and forecast for

quarter one is used to calculate these initial conditions.

The receipt dates of the reorders outstanding are uniformly

distributed from simulation time zero to simulation time zero

plus one procurement leadtime, and the quantity of each

reorder outstanding was set equal to the EOQ for quarter one.
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V. SIMULATION RESULTS

A. OVERVIEW

This chapter will discuss the simulation results from the

Total Cost, Constant Demand and Declining Demand Analysis.

Total cost curves generated from the Total Cost Analysis are

presented in Appendix E, Graphs 13-24. The simulation results

and MADM analysis from the Constant Demand Analysis and the

Declining Demand Analysis are presented in Appendices A and B,

respectively. The remainder of this chapter will discuss the

general results of each Analysis based on the gcals of the

Analysis. In addition, specific observations which deserve

further analysis will be examined.

S. TOTAL COST ANALYSIS

The goal of thk. particular analysis was to determine it

a minimum Total Cost (TC) associated with a single retention

level ( symbolized by t0 or RL ) existed in a stochastic

demand environment as Tersine showed for the deterministic

case [Ref. 14]. Assuming a minimum TC exists, an optimal

retention level (t.) for each demand scenario in the Total

Cost Analysis setting was determined that minimizes the

respective TC.

The results of the Total Cost Analysis simulations show

that the TC curve for each demand scenario simulated is a
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parabola (Appendix E, Graphs 13 to 24). While the high unit

price demand scenario TC curves had an easily identifiable

minimum point, the low unit price demand scenario TC curves

tended to be flat in the vicinity of the minimum. This

indicates that for the low unit price settings there may be a

range of retention levels that yielk statistically equivalent

minimum total costs. In addition, finding the best t, for the

low unit price settings may involve other MOEs such as ACWT.

Although all the total cost curves for the demand

scenarios simulated are parabolas, an interesting

characteristic in the TC curve for the LDLP demand scenario

can be observed (Appendix E, Graphs 18 and 24). There is a

"step" in the TC curve and specifically in the Total Order

Cost curve at a retention level of approximately 3.5 years

annual demand. The initial inventory position (IP) at time

zero after disposal of excess inventory, for a retention level

less than 3.5 years, was below the time zero reorder point

(RO) (the RO is depicted by the vertical line in Graphs 18

and 24). This caused an additional reorder to be placed

during the simulation period for all retention levels less

than 3.5 years. The "step" down in the total order cost curve

occurred after the retention level exceeded 3.5 years because

an additional reorder was not placed at time zero. The

magnitude of the "step" down was due to the high

administrative order cost ($850/order) in relation to the low

unit price ($20/unit) and low mean quarterly demand (2 units/qtr).
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Since the TC curves were parabolas, the next step in the

Total Cost Analysis was to determine the respective optimal

retention level (to) that minimized TC for each demand

scenario in the Total Cost Analysis settings. For this

analysis the optimal retention level was defined as the

arithmetic mean of the retention levels which resulted in the

minimum total cost for each of the 500 replications of the

respective demand scenario simulation. The optimal inventory

level to, was calculated as follows:

M

totj 5.1

n

Where:

i= index for a replication of a simulation.
n = total number of replications of a simulation.
t= retention level which resulted in the minimum TC

for a specific replication of a simulation.

The to values are presented in Table 5 under Alternative A.

The to values represent years worth of demand at the

forecasted annual demand rate.

In order to test the sensitivity of to to different

initial inventory amounts, the simulations for the Total Cost

Analysis settings were rerun with an initial inventory of 75

years worth of annual demand. The results of these

simulations are shown in Table 5 under Alternative B. The

results presented in Table 5 indicate that to is very robust

with respect to initial inventory.
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TABLE 5. TOTAL COST ANALYSIS OPTIMAL RETENTION LEVELS

ALTERNATIVE1

Demand A B
Stream 11

to C. I. to C. 1.

HDHVHF 6.7 _0.35 6.8 -0.62

HDLVHP 5.6 _0.12 5.5 _0.23

HDHVLP 10.6 ±0.61 10.1 ±i. I0

HDLVLP 8.4 ±0.25 8.3 __0.48

LDHP 6.4 &0.25 6.3 __0.50

LDLP 16.3 ±0.44 15.8 -to.8

C.I. is a 95% cnfidence interva on to)

To summarize, the initial results indicate that a to

exists for each demand scenario simulated, and the value of to

varies considerably with respect to unit price, mean quarterly

demand and variance of demand. The following correlation

between to and unit price, mean quarterly demand and variance

of demand in a stochastic environment can be developed. As

unit price increases to decreases, as mean quarterly demand

increases to decreases, and as variance of demand increases to

increases.

C. CONSTANT DEMAND ANALYSIS

The goal of this analysis was to observe the performance

of the various proposed models under the same conditions used

in the Total Cost Analysis. We hoped to draw some conclusions

about the performance of these models in a stochastic

environment by comparing the performance of the models to the
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appropriate optimal retention levels (to) obtained from the

Total Cost Analysis.

Simulation and performance comparison results are

presented in Appendix A. ACWT and TC values that appear in

bold print in Appendix A indicate these values are

statistically equal to or less than the respective optimal

value, based on the paired difference t-tests conducted in the

performance comparison.

Table 6 summarizes the results of the performance

comparison. The table is designed to be a decision tool to

assist in determining which models might be appropriate for a

specific demand scenario with respect to the relative weight

that management places on the MOEs of TC and ACWT. Entries in

Table 6 indicate which models were the best performers for a

specific combination of demand scenario and MOE weighting.

TABLE 6. CONSTANT DEMAND ANALYSIS 8UIMARY RESULTS
AND DECISION TABLE

DZMAND SCENARIO M 0 WE I G H T I N G

Mean Demand Unit Total Mostly Equal Mostly ACWT
Demand Variance Price Cost(TC) TC TC/ACWT ACWT

High High High 3 3,5 1,3,5 1 1

Low 1 1 1 1 1

Low High 2 2-4 1,3,5 1 1

Low 3,5 3,5 3,5 1-5 0-5

Low High 3 2,3 1-5 1 1

Low 4 4 1-4 2,3 3

Legend: 1 = TRAD, 2 = NB, 3 NB-MOD, 4 = NB-NPV, 5.= UICP
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While no single model's RL consistently matched the

optimal retention level, the NB-MOD model performed the best

across all demand scenarios. Additionally, there was

typically at least one model's RL which matched the optimal

for each demand scenario.

The RL for the TRAD model remained constant for all demand

scenarios because mean quarterly demand, unit price, and

demand variance are not parameters in the calculation of the

TRAD model's RL. The RLs for the "net benefit" models as a

group behaved the same as the optimal with respect to changes

in mean quarterly demand and unit price as discussed in the

Total Cost Analysis results. Changes in demand variance had

little effect on the RLs of the "net benefit" models, most

likely because demand was assumed to be deterministic in the

derivation of the basic net benefit equation.

The following general observations can be made from the

performance comparison results. Based solely on TC, there was

usually one model which obtained the true optimal solution.

The only exception was for the HDLVHP demand scenario in which

no model had a TC which was statistically equal to the true

optimal solution. This can most Likely be explained by the

fact that the total cost curve for the HDLVHP demand scenario

(Appendix E, Graph 14) has the most distinct minimum point on

its curve as compared to the other demand scenario total cost

curves. This argument is also supported by the fact that the

confidence interval about the optimal retention level for the
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HDLVHP demand scenario is the smaller than the confidence

intervals of the other demand scenario optimal retention

levels (Chapter V, Table 5).

When taking into account ACWT and TC there were generally

several models which performed as well as or better than the

optimal, with the NB-MOD model being the most consistent top

performer. The TRAD model consistently had a higher RL and

was the best performer with respect to ACWT for all demand

scenarios except HDLVLP and LDLP. For the latter two demand

scenarios the difference between all the models' respective

ACWTs' was insignificant.

It is interesting to note that under the HDHVLP and LDLP

demand scenarios the TRAD and NB-NPV models had lower average

total costs than the respective optimal solution. The lower

TC for the two models could be expected due to the fact that

both the HDHVLP and the LDLP TC curves (Appendix E, Graphs 15

and 18) from the Total Cost Analysis were flat in the vicinity

of the minimum TC point on the curve. After further analysis

it was determined that the calculated optimal retention level

for the HDHVLP and the LDLP demand scenarios may vary

depending on how optimality was defined in the Total Cost

Analysis. In light of the HDHVLP and LDLP results an

alternative definition of the optimal retention quantity was

developed.

In the Total Cost Analysis the optimal retention level, t.

for each demand scenario in Chapter V Table 5 (Alternate A)
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was defined as the arithmetic mean of the retention levels

which resulted in the minimum total cost for each of the 500

replications of the respective demand scenario simulation.

The revised optimal retention level (t*) was defined as the

retention level associated with the arithmetic mean of the

minimum total costs of all the replications of the respective

demand scenario simulation. The revised optimal retention

level t* was calculated as follows:

c 
5.2

n

= argmin 5.3tET

Where:

C, = the average TC for a specific retention level
across all replications of a simulation.

c,, = the TC for a specific retention level and a
specific replication of a simulation.

t = a specific retention level simulated.
T = the set of all retention levels simulated (0.0,

0.5,1.0,1.5 ...... m)
m = initial on hand inventory prior to disposal.
i= index for a replication of a simulation.
n = total number of replications of a simulation.

Table 7 presents the to and t* values for all demand

streams. The values for t* tended to be greater for the HDHVLP

and LDLP demand scenario, and were also closer to the

respective retention levels obtained from the TRAD and NB-NV
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models than to Lne respective values for t.. For the HDHVLP

demand scenario this quantity was 13 years and for the LDLP

demand scenario this quantity was 17 years. It should be noted

that the differences between the respective t* for the

remaining demand scenarios and the optimal to were not

statistically significant.

TABLE 7. OPTIMAL RETENTION LEVELS CALCULATION ANALYSIS

i ALTERNATIVE

Demand to t*
Stream

HDHVHP 6.7 + 0.35 7.0 +2. 0

HDLVHP 5.6 ± 0.12 5.5 ± 0.5

HDHVLP 10.6 ± 0.61 13.0 ± 3.0

HDLVLP 8.4 ± 0.25 8.5 ± 1.5

LDHP 6.4 ± 0.25 6.5 ± 1.0

LDLP 16.3 ± 0.44 17.0 ± 1.0
C.I. is a 9 confi ence interval)

The difference between to and t* for the HDHVLP and LDLP

demand scenarios can be attributed to backorders which

occurred when the Total Cost Analysis optimal quantity, to,

was retained and which did not occur when the t* quantity was

retained. The backorders occurred in approximately 19% to 15%

of the replications of the Constant Demand Analysis

simulations due to large spikes in observed demand between
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quarters 30 and 55. However, the extra stock held when t* was

retained was sufficient to satisfy this increased demand.

Because the two demand scenarios were low unit price

($20/unit) scenarios, the high shortage cost ($1500/unit year

of shortage) tended to dominate TC. Therefore when these

backorders occurred, the TC for the to retention level

increased by 120% to 150% and was significantly higher than

the TC for the t* retention level. This tended to force the

simulation average minimum TC out to t*.

It should be noted that for 85% to 90% of the Constant

Demand Analysis simulation replications the to retention level

resulted in the minimum TC. Additionally, over an entire

simulation the average total costs for the HDHVLP and LDLP

demand scenarios and the TRAD and NB-NPV models, respectively,

were statistically equal to the respective average optimal

total cost based on the to retention level.

In summary, it is difficult to conclude whether to or t*

better defines the optimal retention quantity for the HDHVLP

and LDLP demand scenarios. Although there is a significant

difference between t' and t* for the HDHVLP and LDLP demand

scenarios, the average total costs which result from the two

retention levels are statistically equivalent.

D. DECLINING DEMAND ANALYSIS

The goal of this analysis was to compare the models in a

scenario that involved declining mean quarterly demand. For

65



this analysis, simulation and performance comparison results

are presented in Appendix B. ACWT and TC values that appear

in bold print in Appendix B indicate the values which were the

best performers from among the five models. When more than

one value is in bold print this indicates that the values were

statistically equivalent based on the paired difference t-

tests.

The values for TC and ACWT shown in Appendix B were

accumulated over quarters 30 through 66 in the respective

Declining Demand Analysis simulations. Data for TC and ACWT

was originally collected for the full 66 quarters of each

Declining Demand Analysis simulation. The results using the

full 66 quarters of data were significantly affected by the TC

and ACWT data collected during quarters 1 through 29 when mean

quarterly demand was constant. In general, the results

showed that the performance of all of the models was

statistically equal when the full 66 quarters of data were

used. Therefore, in order to get a more accurate picture of

the effect each model's RL had on the its TC and ACWT during

the declining demand period, data for the performance

comparison was collected for quarters 30 through 66 only.

Table 8 summarizes the results of the performance

comparison. The table is designed to be a decision tool to

assist in determining which models might be appropriate for a

specific demand scenario with respect to the relative weight

management places on the MOEs of TC and ACWT. Entries in
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Table 8 indicates which models were the best performers for a

specific combination of demand scenario, pattern of declining

demand and MOE weighting.

TABLE 8. DECLINING DEMAND ANALYSIS SUMMARY RISULTS
AND DECISION TABLE

DEMAND SCENARIO MOE WEIGHTING

Mean Demand Unit Decline Total Mostly Equal Mostly ACWT

Demand Variance Price Pattern Cost TC TC/ACWT ACWT

High High High Step 4 2,4 2,4 2-5 1,5

Convex £ 2.4 2,4,5 2,5 1.5

Concave 4 2,4 2-4 3,4 1,5

Low Step 2-4 3 3 3 3

Convex 3 3 3 3 3

Concave 2-4 3 3 3 3

Low High Step 4 4 4 4 1-5

Convex 4 4 4 4 1-5

Concave 4 4 4 4 1-5

Low -Step 5 5 5 S 1-5

Convex 1,4 1,4 1,4 1,4 i-5

!Concave 5 5 5 5 1-3,5

Low High Step 2-4 1,3 1,3 1,3 1,3

Convex 2,4 2,3 1-3 1,3 1

Concave 2,4 2,3 1-3 1,3 1

Low Step 2-4 2-4 2-4 2-4 1-4

Convex 1-4 2-4 2-4 1-4 1-4

Concave 4 4 4 1-5 1-5

Legend: 1 TRAD, 2 = NB, 3 = NB-MOD, 4 = NB-NPV, 5 =UICP

The following general observations can be made from the

results of the performance comparison. No one model dominated
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across all demand scenarios based on TC alone. For the

"mostly TC" and "mostly ACWT" categories of management

emphasis, the NB-MOD and the N3-NPV models were consistently

top performers regardless of demand scenario and pattern of

declining demand. For the "only TC" category of management

emphasis, the NB-NPV model was consistently a top performer

regardless of demand scenario and decline pattern. Similar to

the correlation seen in the Total Cost Analysis between the

changes in the RL and changes in demand, the RLs for the "net

benefit" models increased as demand decreased during the

simulation's period of declining mean quarterly demand. The

increases were most apparent for the low unit price scenarios.

Because the RLs for the "Net Benefit" models were changing

throughout the Declining Demand Analysis simulations, the

retention levels shown in the Declining Demand Analysis

results (Appendix B) represent the average RL over quarters 30

through 66. Graphical illustrations of the change in the RLs

for all of the demand scenarios and patterns of declining

demand are shown in Appendix E, Graphs 25 to 42.

There are several noticeable effects on the RL

calculations made during periods of declining demand, using

the "net benefit" models. The effects can be attributed to

the demand forecasting method used in UICP and the use of the

forecasted demand in the RL calculations. First, there is a

lag between the time the declining demand period starts and

the time the RL reacts to the changing demand. This lag is

68



directly correlated to the lag between the time the actual

demand changes and the time the forecasted demand reflects

this change.

Second, the step-ups in RLs for the demand scenarios with

high quarterly mean demand (Graphs 28 to 33 and 37 to 42)

occurred when a "trend" (declining demand) was detected by the

UICP demand forecasting application. When a "trend" is

detected, demand forecasting switches from simple exponential

smoothing to a four quarter moving average. This change in

forecasting method caused the forecasted demand, reorder

quantity (EOQ) and reorder point to drop rapidly, which in

turn resulted in the step increases in the RLs. The step is

more prominent in the demand scenarios with a convex pattern

of declining demand. This is due to the fact that the

decrease in demand was more rapid for the convex pattern of

declining demand and the final forecasted quarterly demand was

approximately one unit per quarter less than the concave and

step patterns of declining demand.

Third, the steps down in the RLs for the demand scenarios

with low mean quarterly demand and high unit price (Graphs 25

to 27) occurred when actual demand approached zero at the end

of the declining demand period and the forecasted demand had

not yet stabilized. For some simulation replications, several

quarters of zero demand, in sequence, were observed when

actual mean quarterly demand was close to zero after the

period of declining demand. For these replications and
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quarters this caused the forecasted demand and the RLs co go

to zero. Therefore, the simulation iverage RLs for those

quarters were lower than the average RLs for the remaining

quarters. When the demand forecast stabilized about the final

mean quarterly demand, the RLs also stabilized.

Finally, the RLs for the NB-MOD model in the demand

scenarios with high mean quarterly demand and high unit price

did not increase as expected when demand decreased (Graphs 28

to 33). This can be attributed to the decrease in expected

number of shortages as demand decreased. The NB-MOD model RL

(Equation 2.24) is a function of the NB model RL (Equation

2.13) plus a term added to account for potential shortages

As seen in Graphs 28 through 33 the NB model RLs were

increasing as demand decreased. Because the NB-MOD model RLs

are decreasing in these same scenarios, this indicates that

the increase in the RLs due to the decrease in demand was more

than offset by the reduction in the RLs due to the decrease in

expected number of shortages.

A specific observation which warrants further discussion

is tie effect that the five unit minimum Retention Quantity

(RQ) constraint (used in the UICP retention logic) has on the

results of simulations involving low mean quarterly demand.

The Declining Demand Analysis simulations were originally run

with only the UICP model constrained to a minimum RQ of five

#-its. As a result, when forecasted annual demand approached

zero at the end of the declining imean quarterly demand period,
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the UICP RQ remained fixed at five units while the

unconstrained RQs for all of the mathematical models

approached zero. In essence, without the constraint the

mathematical models' RQ stayed at zero regardless of how large

the respective RLs were. Additionally, while the UICP RQ

remained a five units, the RL grew substantially. Based on

preliminary results it became apparent that the five unit

minimum retention quantity gave the UICP a significant

advantage over the other models with regard to total cost and

average customer wait time. The five unit minimum retention

quantity was then applied to all the models and the Declining

Demand Analysis simulations were rerun to determine what

effect this constraint would have. We found that this minimum

retention quantity improved the performance in both the TC and

ACWT MOEs for all of the models and these results were used to

make the final performance comparison presented in Appendix B

and Table 8.
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VI. SENSITIVITY ANALYSIS

A. OVERVIEW

The sensitivity analysis was designed to determine how

changes in selected parameter values affect the retention

levels of the respective models. The parameters used in this

analysis were chosen because it is extremely difficult to

accurately estimate the parameter values from available

historical costs. The estimates for these rates could be

somewhat inaccurate because the historical costs associated

with a given parameter are either not available or not easily

allocated to the individual items. Therefore, it is important

to determine how each model reacts to changes in these rates.

The goal of the sensitivity analysis is to identify which

model's RL calculations are robust with respect to changes in

the various parameter values. This information should aid

decision makers in the selection of an appropriate model based

on the level of uncertainty in the value of a specific

parameter. In addition to the robustness of the RL's of the

models based on changes in a given parameter, we will also

look at the robustness of the model's performance, with

respect to TC and ACWT for four specific scenarios from the

Declining Demand Analysis.

The sensitivity analysis was conducted for two demand
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scenarios (HDHVHP and LDHP) and two declining demand patterns

from the Declining Demand Analysis (convex and concave). For

each combination of demand scenario and declining demand

pattern, four parameters were analyzed. For each parameter

four values (including the UICP (CARES) default rates used in

the Declining Demand Analysis) were used. Table 9 summarizes

the 16 simulation settings which resulted from combinations of

demand scenario, declining demand pattern and parameter

values. For a specific setting all other parameters and

simulation characteristics were identical to those used in the

Declining Demand Analysis for the respective demand scenario

and declining demand pattern.

TABLE 9. 16 SENSITIVITY ANALYSIS SXZMLATXON SETTINGS

OBSOLESCENCE SALVAGE HOLDING COST ORDER COST
RATE RATE RATE RATE

0.06 0.01 0.01" 200
$/UNZT-YR t/DNIT COST $/UNIT-YR $/ORDER

0.09 0.02" 0.03 400
$/UNXT-YR %/UNIT COST $/UNIT-YR $/ORDER

0.12* 0.05 0.05 800*
$/UNIT-YR %/WNIT COST $/UNIT-YR $10RDER

0.15 0.15 0.07 1200
$/UNIT-YR %/1UNIT COST $/UNIT- YR /ORDER
Denotes UI'PCARES) defaut value')

B. RESULTS

Simulation and performance comparison results are

presented in Appendix C. The ACWT dnd total cost in bold

73



print indicate the value which is the best performer in its

respective MOE category. When more than one value is in bold

print this indicates that the values were statistically

equivalent based on the paired difference t-test. Table 10

and Table 11 summarize the effects the varying rates had on

each model's RL for the HDHVHP demand scenario and the LDHP

demand scenario, respectively.

In general, based on the results displayed in Tables 10

and 11 the following observations can be made with regards to

the sensitivity of the RL's of the models to changes in a

given parameter. All models were robust with respect to

changes in order cost rate and the three "net benefit" models

were robust with respect to changes in the holding cost rate.

The TRAD model was sensitive to changes in holding cost rate

and all models showed sensitivity to changes in obsolescence

rate. The type of demand scenario had little effect on the

RL's for all of the models.

Observations regarding the sensitivity of the models due

to changes in a given parameter value are summarized in Table

12. The observations in Table 12 indicate the effect of

changes in a given parameter value for a specific demand

scenario and pattern of declining demand on the performance of

the various models. For each parameter, the respective UICP

(CARES) default parameter value was used as the comparison

baseline. The following types of observations were made.

Observation type 0 means no significant change occurred in a
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TABLE 10. RANGE OF AVERAGE RL - HDHVHP SCENARIO

Rate Decline Rate TRAD NB MOD NPV UICP
- -" - in-

Holding Convex Low 13.9 S.4 7.1 5.0 9.0

Cost High 6.7 4.2 5.7 4.0 9.0

Concave Low 13.9 5.4 6.9 5.0 9.0

High 6.7 4.2 5.5 4.0 9.0

Order Convex Low 13.9 5.3 6.9 4.9 9.0

Cost High 13.9 S.5 7.2 5.1 9.0

Concave Low 13.9 5.3 6.8 4.9 9.0

High 13 .9 5.4 6.9 5.0 9.0

Obsolete Convex Low 18.6 7.6 9.4d 6.8 8.0

High 12.3 4.8 6.3 4.4 8.0"

Concave Low 19.6 7.6 9.1 6.9 9.0

High 12.3 4.7 6.1 4.4 8.0

Salvage Convex Low 14.7 5.3 7.1 5.1 9.0

High 9.5 49, 6.4 4.3 9.0

Concave Low 14.7 5.4 6.1 5.0 9.0

High 9.5 4 7 6.2 j.3 9.0
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TABLE 11. RANGE OF AVERAGE RL - LDHP SCENARIO

Rate Decline IRate TRAD NB IMOD kNP UICPJ

Holding Convex Low 13.9 5.8 6.5 5.4 6.0

Cost High 6.7 4.9 5.2 4.4 9.0

Concave Low 13.9 6.3 7.2 5.6 9.0

Hich 6.7 5.0 5.7 4.7 6.0
om i m. mm,

Order Convex Low 13.9 5. 4 6.1 5.0 9.0

Cost High 13.9 6.0 6.6 5.6 9.0

Concave Low 13.9 5 7 6. 6 5.4 9.0

High 13.9 6.6 7.5 6.1 6.0

Obsolete Convex Low 16.6 8.0 e.9 7.1 9.0

High 12.3 5.1 58 4.9 8.0

Concave Low 19.6 8.7 9.9 7.7 9.0

High 12.3 5.6 6.4 5.2 8.0

Salvage Convex Low 14. 7 5 9 6.6 5.5 9.0

High 9.5 5.2 5.9 4.7 6.0

Concave Low 14. 7 6.3 7.3 5.9 8.0

High 6.5 5.7 . $.1 8.0
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model's performance. Observation type 1 occurred when a

model's performance improved for parameter values greater than

the respective UICP (CARES) default parameter value.

Observation type 2 occurred when a model's performance

improved for parameter values less than the respective UICP

(CARES) default parameter value. Observation type 3 occurred

when a model's performance declined for parameter values

greater than the respective UICP (CARES) default parameter

value. Observation type 4 occurred when a model's performance

declined for parameter values less than the respective UICP

(CARES) default parameter value.

Based on the results displayed in Table 12 the following

general observations with regards to the sensitivity can be

made. The performance of the NB and NB-MOD models was robust

with respect to changes in all parameter values for all

scenarios. The performance of the UICP model was sensitive to

changes in all parameters values, except salvage rate, for all

LDHP scenarios. The performance of the TRAD model tended to

improve with both increases and decreases in the obsolescence

rate and salvage rate parameter values for all HDHVHP

scenarios. The NB-NPV model's performance tended to decline

for salvage rate parameter values greater than the UICP

(CARES) default value in both the LDHP and HDHVHP scenarios.
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TABLE 12. SENSITIVITY ANALYSIS PERFORMANCE OBSERVATIONS

Rate Decline Demand IRA NB MOD NPV IU CP

Holding Convex LDHP 0 0 3 0 1

Cost HDHVHP 0 0 0 0 0

Concave LDHP 0 0 0 0 1

HDHVHP 0 0 0 0 0

Order Convex LDHP 0 0 C 0 3

Cost HDHVHP 0 0 0 0 0

Concave LDHP 0 0 0 0 3

HDHVHP 0 0 0 0 10

obsolete Convex LDHP 0 0 0 0 1

HDHVHP 2 0 0 0 0

Concave LDHP 0 0 4 0 4

HDHVHP 2 0 0 0 0
99-a --

Salvage Convex LDHP 0 0 0 3 0

HDHVHP 1 0 0 0 0

Concave LDHP 0 0 o 3 0

_ HDHVHP 1 0 0 3

The sensitivity analysis can be summarized as follows.

Although the RL for the TRAD model displayed the most

sensitivity to changes in the parameter values analyzed, it

had little effect on the performance of the TRAD model as

compared to all other models analyzed. The UICP model

performance displayed the most sensitivity to changes in the

parameter values analyzed.
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VII. OVERVXLW, CONCLUSION AND RECOMMENDATIONS

A. OVERVIEW

This thesis evaluated the effectiveness of the Navy's UICP

economic retention model. The evaluation was performed by

comparing several mathematical economic retention models with

the Navy's retentior model. There were two primary factors

that motivated this thesis. First, the Navy does not

currently apply economic retencion theory when making

retention decisions for the majority of the material managed

by the Navy. Second, the excess inventory problem will

continue to grow as the Navy's budget and fleet are further

reduced.

An analysis of the models was performed for a variety of

demand scenarios in both steady state and declining demand

situations. The analysis was designed with two goals in mind.

The first goal was to determine which model(s) were most

effective in a demand environment similar to the Navy's

stochastic demand environment. The second goal was to

evaluate how the Navy's retention process performed with

respect to the mathematical models.

A simulation of the Navy's UICP demand process and the

mathematical retention models was developed. The evaluation
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of the various models was based on the measures of

effectiveness (MOE) of total cost (TC) over a specified period

of simulation time and average customer wait time (ACWT) per

requisition for all requisitions generated over a specified

period of simulation time. The research also examined model

sensitivity to changes in various parameters common to the

models. The parameters were chosen for the analysis because

UICP uses estimates of the true rates and these estimates

could vary considerably from the true rates. Results of the

sensitivity analysis helped to determine the practicality of

applying the models in the UICP environment.

B. CONCLUSION

The findings of this research showed that, of the models

analyzed, there was not one economic retention model or

retention quantity which yielded the lowest total cost and

ACWT for all of the demand and retention scenarios analyzed.

There were two factors which contribute to this. First, the

optimal retention level varied significantly with demand

scenario and management weighting of the MOEs of TC and ACWT.

Second, all the models analyzed did not account for the

stochastic nature of demand for Navy managed items. But,

based on the results of all analysis, the "net benefit"

models, as a group, performed the best and generally performed

better than the UICP retention model. Additionally, for most

demand scenarios in both the Constant and Declining Demand
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Analysis, the decision on which model to chose could typically

be determined by total cost alone. This was due to the fact

that the difference in the models' ACWTs (measured in days)

for each demand scenario, were generaily small.

The results of the Total Cost Analysis showed that there

was a unique "optimal" retention level for a given demand

scenario in a stochastic demand environment. It also showed

that the "optimal" retention level varies significantly with

changes in unit price, mean quarterly demand and variance of

mean quarterly demand.

The Constant Demand Analysis compared the models to the

"optimal" retention level determined in the Total Cost

Analysis. In general, when considering both TC and ACWT the

mathematical models performed well in the Navy's stochastic

demand environment with respect to the performance obtained

from the "optimal" retention level. Additionally, there was

typically at least one model which performed as well as the

"optimal" retention level with respect to TC alone. The NB

and NB-MOD models consistently outperformed the UICP model

when management emphasis was placed on total cost or mostly on

total cost.

The results of the Declining Demand Analysis indicated

that the "net benefit" models, -s a group, were the best

performers over all scenarios and typically outperformed the

UICP retention model. Thi average retention quantities of the

best performers in the Declining Demand Analysis varied with
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changes in the unit price, mean quarterly demand and the

variance of mean quarterly demand in a pattern similar to that

observed in the Total Cost Analysis for the "optimal"

retention level. The declining demand pattern had little

effect on overall model performance.

The performance of the TRAP model dominated the

performance of the other models across all analysis scenarios

with respect to ACWT. But the performance of the NB, NB-MOD

and UICP models was competitive with respect to ACWT in most

of the Declining Demand Analysis scenarios. It is important

to note that while there was generally a significant variation

in ACWT in terms of percentage difference, in most cases the

difference in terms of days was typically small. This

observation applies to both the Constant and Declining Demand

Analysis.

The results from the sensitivity analysis showed that the

performance of the "net benefit" models, as a group, was

robust with respect to changes in all the parameters analyzed.

The UICP model performance showed the most sensitivity to

parameter changes, especially with respect to the low demand

scenarios. Although the RL for the TRAD model displayed the

most sensitivity to changes in the parameter values analyzed,

it had little effect on the performance of the TRAD model as

compared to all other models analyzed.
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C. RECOWSNDAT IONS

There are three areas related to this research which merit

further study. First, because all of the models' actual

retention quantities are dependent upon the demand forecasting

method, the effectiveness of a moael is limited by the

accuracy of the demand forecast. It would be interesting to

see how performance would change if demand forecasts were

adjusted for known changes in future demand (i.e. declining

demand due to decommissioning of ships). Second, further

modifications to the NB-MOD model could be made to improve the

treatment of the stochastic nature of demand. Modifications

could include changes in the holding cost savings and

repurchase cost terms. The goal would be to develop a model

which performed effectively across all demand scenarios.

Third, the simulation developed for this thesis could be

modified to include the Navy's repairable item demand process

in the Forecasting, Levels and Supply/Demand Review procedures

of the main program.
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APPENDIX A. CONSTANT DEMAND ANALYSIS RESULTS

HDHVHP
OPTIMAL TRAD NB NB-MOD NB-NPV UICP

ACWT 26.65 15.82 27.03 25.91 28.30 24.57
TOTAL COST 1958776.92 2414434.20 1975859.01 1960427.91 1987098.52 1976038.07
YRS RL 6.72 13.88 5.20 7.02 4.80 8.00
MADM % ACWT/% TC

25/75 0.901 0.86 0.891 0.90 0.881 0.90
75/25 0.701 0.95 0.691 0.71 0.671 0.73
50/50 0.801 0.91 0,791 0.801 0.771 0.82

HIDHVLP ________________ ___ ___I OPTIMAL TRAD NB I NB-MOD NB-NPV UICP
ACWT 4.49 3.48 6.501 4.98 6.83 6.49
TOTAL COST 46801.69 45729.89 53279.98 48005.34 54968.84 52995.40
YRS RL 10.56 13.88 7.42J 9.55 6.77 8.00
MADM % ACWT/% TC

25/75 0,931 1.00 0.78 0.89 0.75] 0.78
75/25 0.831 1.00 0.62 0.761 0.591 0.62
50/50 0.881 1.00 0.70 0.831 0.67] 0.70

HDLVHP ___ ___ ___ _ __
HDLVHP OPTIMAL TRAD NB j NB-MOD NB-NPV UICP
ACWT 10.55 5.97 11.06 9.92 10.94 9.49
TOTAL COST 1553346.41 2245292.78 1555618.751 1577861.26 1560130.79 1620726.40
YRS RL 5.56 13.881 5.20] 7.00 4.80 8.00
MADM % ACWT/% TC

25/75 0.89 0.771 0.88 0.891 0.88t 0.87
75/25 0.67 0.921 0.651 0.691 0.65 0.70
50/50 0.78 0.851 0.761 0.791 0.771 0.79

HDLVLP
OPTIMAL TRAD NO NB-MOD NB-NPV[ UICP

ACWT 0.98 0.67 1.12 0.96 1.23 1.08
TOTAL COST 31781.21 35668.89 32172.09 31934.70 32681.24 31950.82
YRS RL 8.35" 13.881 7.42 9.55 6.77 8.00
MADM % ACWT/% TC

25/75 0.92] 0.921 0.89 0.92 0.87[ 0.90
75/25 0.76] 0.971 0.701 0.77 0.651 0.71
50/50 L 0.84] 0.951 0.791 0.85 0.761 0.81

LDHP
OPTIMAL TRAD NB NB-MOD NB-NPV UICP

ACWT 12.76 7.60 12.59 12.75 12.73 12.30
TOTAL COST 185406.95 239742.40 185804.54 18C257.77j 186368.40 188184.15
YRS RL ]i 6.44 13.88 5.85 6.641 5.46 8.00
MADM % ACWT/% TC ....

25/75 0.901 0.831 0.901- 0.901 0.891 0.89
75/25 0.701 0.941 0.701 0.701 0.701 0.71
50/50 0.801 0.891 0.801 0.801 0.801 0.30

LDLP
OPTIMAL TRAD NB NB-MOD NB-NPV UICP

ACWT 0.72 1.01 0.20 0.04 0.61 1.57
TOTAL COST 5812.02 5966.92 6383.07 6685.97 5789.77 7321.19
YRS RL 16.30 13.88j 23.36 26.09 16.77 8.00
MADM % ACWT /% TC

25/75 0.76 0.741 073 0.901 0.77 0.60
75/25 0.291 0.27 0.38 0.971 0.30 0.22
50/50 0.531 0.50 0.55 0.931 0.53 0.41
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Constant Demand Analysis Results Model Ranking by MADM Results

123 4 5 6-
HDHVHP____ _ _ _ _ ___ _ _ _ _ _

25% ACWT / 75% TO; UICP- NB-MOD' OPTIMALV NB _______ TRAD
75% ACWT / 25% TO ITRAr UICp NB-MOD OPTIMAL N j N B-NPV
50% ACWT /50% TO TR#-, UICP NB-MOD OPTIMAL NO jB-NPV

HDLVHP _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

25% ACWT / 75% TO IOPTIMAL'I NB-MOD' NB NB-NPV UICP JTRAD
75% AOWT / 25% TO TRAD UICP NB-MOD OPTIMAL NB-NPV jNB
50% AOWT / 50% TOG TRAD jf UICP NB-MOD OPTIMAL NB-NPV jNB

HDHVLP__ _ _ _ _ _ __ _ _ _ _ _ __ _ _ _ _ _

25% ACWT / 75% TO TRAD OPTIMAL NB-MOD UICP NB NB-NPV
75% ACWT / 25% TO TRAD OPTIMAL NB-MOD UICP NB NB-NPV
50% ACWT / 50% TO TRAD OPTIMAL NB-MOD IUICP NB NB-NPV

HDLVLP _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

25% AOWT / 75% TO TRAD' NB-MOD' OPTIMAL* UICP NB ] NB-NPV
75% AOWT / 25% TO TRAD NB-MOD OPTIMAL UICP NB NB-NPV
50% ACWT / 50% TO TRAD NB-MOD OPTIMAL UICP NB I NB-NPV,

LDHP _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

25% AOWT / 75% TO NB MOD* NB' OPTIMAL' NB-NPV UICP TRAD
75%±_ __W /_ 25% __±__UC O SMD PIALN-
50% AOWT /250% TO' TRAD ICP NB NB-MOD OPTIMAL NB-NPV

LDLP _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

25% AOWT /75% TO NB-MOD NB-NPV JOPTIMAL TRAD NB UICP
75% AOWT / 25% TO NB-MOD NB NB-NPV OPTIMAL TRAD LUICP
50% ACWT / 50% TO NB-MOD NB I. NB-NPV O PTIMA A L YTRAD nC

Note: 'indicates models have same rank and are both ranked as 1.
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APPENDIX B. DECLINING DEMAND ANALYSIS RESULTS

Declining Demand Analysis Results: HDHVHP

STEP DECREASES TRAD NB NB-MOD NB-NPV UICP
ACWT 9.32 12.14 11.78 13.12 10.90
TOTAL COST 220789.55 204371.92 208616.37 203448.36 211492.75
AVG YRS RL 13.88 5.35 6.84 4.94 8.00
MADM .. . .......

25% ACWT / 75% TC, 0.94 -' 0.941 0.931 0.93 0.94
75% ACWT / 25% TC 1 0.98 0.821 0.841 0.78 0.88
50% ACWT/ 50% TC 0.961 0.88 0.881 0.86 0.91

CONVEX DECREASES iRI AD NB NB-MOD NB-NPV UICP
ACWT { 24.01 25.77 25.69 26.45 24.55
TOTAL COST ,349545.12 334089.74 338326.17 333267.81 340333.27
AVG YRS RL 13.88 5.43 7.08 5.02 8.00
MADM

25% ACWT / 75% TC 0.97 0.98 0.97 0.98 0.98
75% ACWT / 25% TC 0.99 0.951 0.95 0.93 0.23
5,0% ACWT / 50% TC 0.98 0.961 0.9 0.95 0.98

CONCAVE DECREASES TRAD NB I NB-MOD NB-NPV UICP
ACWT 12.28 14.721 14.04 15.05 13.03
TOTAL COST 231634.28 208435.281 213789.73 207017.16 217823.08
AVG YRS RL 13.88 5.381 6.87 4.98 8.00
MADM

25% ACWT / 75% TC 0.92 _ 0.95 0.94 0.95[ 0.95
75% ACWT / 25% TC 0.97 0.871 0.90 0.86, 0.94
50% ACWT / 50% TC 0.95 _ 0.91 0.92 0.91 _ 0.95

Model Ranking by MADM Results

1 2 3 1 4 5

STEP DECiEASES
25% ACWT / 75% TC TRAD NB* UICP* NB-MOD NR-NPV
75% ACWT / 25% TC rRAD UICP NB-MOD NB NB-NPV
50% ACWT / 50% T1 TA l1P NB-MOD NB NB-NPV

CONVEX DECREASES
25% ACWT / 75% TC NB* UlCP* NB-NPV* NB-MOD TRAD
75% ACWT / 25% TC TRAD UICP NB NB-MOD NB-NPV
50% ACWT / 50% TC UICP* TRAD* NE NB-MOD NB-NPV

CONCAVE DECREASES I
25% ACWT / 75% TC NB-NPV* NB* UICP* NB-MOD TRAD
75% A WT / 25% TC TRAD UICP NBBTUMOD NB- NB-NPV
50% ACWT / 50% TC TRAD* UCP* NB-MOD NB NB-NPV

Note: * indicates models have same rank and are both ranked as 1.
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Declining Demand Analysis Results: HDLVHP

STEP DECREASES r TRAD NB NB-MOD NB-NPV ! UICP
ACWT 0.90 0.91 0.90 0.93 0.90
TOTAL COST 130780.13 123760.33 125759.57 123173.10 127932.56
AVG YRS RL 13.88 5.38 6.76 4.97 8.00
MADM

25% ACWT / 75% TC 0.96 0.99 0.98 0.99 0.971
75% ACWT / 25% TC 0.99 0.99 0.99 0.98 0.99
50% ACWT / 50% TC 0.97 0.99 0.99 0.98 0.98

CONVEX DECREASES TRAD NB NB-MOD NB-NPV UICP
ACWT 5.87 5.90 5.88 5.91 5.90
TOTAL COST 236865.30 229769.03 230653.34 22.9408.75 232066.44
AVG YRS RL 13.88 5.53 7.13 5.11 8.00
MADM

25% ACWT / 75% TC 0.98 1.00 1.00 1.00 0.99
75% ACWT / 25% TC 0.99 1.00, 1.00 0.99 0.99
50% ACWT / 50% TC 0.98 1.001 1.00 1.00 0.99

CONCAVE DECREASES TRAD NB NB-MOD NB-NPV UICP
ACWT 2.18 2.19 2.18 2.19 2.18
TOTAL COST 151099.09. 131884.03 134241.43 130891.24 138017.24
AVG YRS RL 13.88 5.43 6.79 5.03 8.00
MADM

25% ACWT / 75% TC 0.90 0.99 0.98 1.00 0.96
75% ACWT / 25% TC 0.97 0.99 0.99 1.00 0.99
50% ACAT / 50% TC 0.93 0.991 0.99 1.00 0.97

Model Ranking by MADM Results

I 1 2IX i 3 4 5
STEP DECREASES

25% ACWT / 75% TC NB* NB-NPV* NB-MOD UICP TRAD
755" ACWT / 25% TC NB-MOD* UICP* NB* TRAD* NB-NPV
50% AkWT / 50% TC NB' NB-MOD* NB-NPV UICP TRAD

CONVEX DECREASES
25% ACWT / 75% TC NB-NPV* NB* NB-MOD* UICP TRAD
75% ACWT / 25% TC NB-MOD' NB* NB-NPV' UICP TRAD
50% ACWT / 50% TC NB-MOD* NB* NB-NPV UICP TRAD

CONCAVE DECREASES
25% ACWT / 75% TC NB-NPV NB NB-MOD UICP TRAD
75% ACWT / 25% TC NB-NPV NB NB-MOD UICP TRAD
50% ACWT / 50% TC NB-NPV NB NB-MOD UICP TRAD

Note: * indicates models have same rank and are both ranked as 1.
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Declining Demand Analysis Results: HDHVLP

STEP DECREASES TRAD NB NB-MOD NB-NPV UICP
ACWT 6.21 4.38 3.65 4.83 7.92
TOTAL COST 8097.71 7117.98 7079.50 7222.02 8469.34
AVG YRS RL 13.88 11.03 13.40 8.96 C.00
MADM

25% ACWT / 75% TC 0.80 0.95 1.00 0.92 0.74
75% ACWT / 25% TC 0.661 0.87 1.00 0.81 0.55
50% ACWr / 50% TC 1 0.731 0.91 1.00 0.87 0.65

CONVEX DECREASES TRAD NB NB-MOD NB-NPV UICP
ACWT 10.32 10.08 8.82 11.39 13.44
TOTAL COST 13226.76 13230.84 12577.99 13778.04 14835.81
AVG YRS RL 13.88 18.49 21.27 10.89 8.00
MADM

25% ACWT / 75% TC 0.93 0.93 1.00 0.88 0.80
75% ACWT / 25% TC 0.88 0.89 1.00 0.81 0.70
50% ACWT / 50% TC 0.90 0.91 1.00 0.84 0.75

CONCAVE DECREASES TRAD NB NB-MOD NB-NP'V UICP
ACWT 7.41 5.42 4.60 6.87 8.57
TOTAL COST 8544.36 7751.21 7604.45 8126.42 8747.14,
AVG YRS RL 13.88 12.44 14.89 9.62 8.00
MADM

25% ACWT / 75% TC 0.82 0.951 1.00 - 0871 0.79
75% ACWT / 25% TC 0.69 0.881 1.001 0.741 0.62
50% ACWT / 50% TC 0.76 0.911 1.001 0.801 0.70

Model Ranking by MADM Results

[1 [2 13 14 15
STEP DECREASES T

25% ACr !175% TC ... NB-MOD NB NB-NPV; TRAD UICIP

75% ACWT 125% Tc NB-MOD NB NB-NPV TRAD UICP
50% ACWr / 50% TC NB-MOD NB NB-NPV TRAD UICP

CONVEX DECREASES
25% ACWr / 75% TC NB-MOD NB TRAD NB-NPV UICP
75% ACWr / 25% TC NB-MOD NB TRAD NB-NPV UICP
50% ACWT / 50% TC NB-MOD NB TRAD NB-NPV UICP

CONCAVE DECREASES
25% ACWT / 75% TC NB-MOD NB NB-NPV TRAD UIcP
75% ACWT / 25% TC NB-MOD NB NB-NPV TRAD UICP
50% ACWT / 50% TC NB-MOD { NB L NB-NPV TRAD UICP

Note: * indicates models have same rank and are both ranked as 1.
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Declining Demand Analysis Results: HDLVLP

STEP DECREASES TRAD NB NS-MOD NB-NPV UICP
ACWT 0.06 0.06 0.06 0.11 0.06
TOTAL COST 3374.65 3530.82 3626.05 3307.52 2965.10
AVG YRS RL. 13.88 10.95 13.10 9.17 3.00
MADM

25% ACWT / 75% TC 0.91 0.88 0.86 0.81 1.00
75% ACWT / 25% TC 0.97 0.96 0.95 0.63 1.00
50% ACWT / 50% TC 0.941 0.92 0.91 0.72 1 00

CONVEX DECREASES TRAD NB NB-MOD NB-NPV UICP
ACWT 0.47 0.46 0.46 0.46 0.48
TOTAL COST 5199.29 5602.32 5669.70 5206.96 5419.07
AVG YRS RL 13.88 23.78 26.62 12.50 8.00
MADM _

25% ACWT / 75% TC 0.99 0.95f 0.94 1.00 0.96
750/ ACWT / 25% TC 0.98 0.98 0.98 1.00 0.96
5G% ACWT / 50% TC 0.99 0.961 0.96 1.00 0.96

CONCAVE DECREASES TRAD NB NB-MOD NB-NPV UICP
ACWT 0.13 0.13 0.13 1.06 0.13
TOTAL COST 3375.91 3810.11 3918.66 3676.27 3078.21
AVG YRS RL 13.88 12.95 15.16 10.10 8.00
MADM

25% ACWT/ 75% TC 0.93 0.86 0.84 0.66 1.00
75% ACWT / 25% TC .98 0.95 0.95 0.30 1.00
50% ACWT / 5n% TC 0.96 0.90 0.89 0.48 1.00

Model Ranking by MADM Results
_ 1 1 2 3 1 4 1 5

STEP DECREASES -
25% ACWT / 75% TC UICP TRAD NB NB-MOD NB-NPV
75% ACWT / 25% TC UICP TRAD NB NB-MOD NB-NPV
50% ACWT / 50% TC UICP TRAD NB NB-MOD NB-NPV

CONVEX DECREASES
25% ACWT / 75% TC NB-NPV TRAD UICP NB NO.-MOD
75% ACWT/ 25% TC NB-NPV TRAC NB NB-MOD UICP
50% ACWT / 50% TC NB-NPV TRAD NB NB-MOD UICP

CONCAVE DECREASES 1 1
25% ACWT / 75% TC UICP TRAD NB NB-MOD I NB-NPV
75% ACWT / 25% TC UICP TRAD NB NB-MOD I NB-NPV
50% ACWT / 50% TC UICP TRAD NB NB-MOD NB-NPV

Note: * indicates models have same rank and are both ranked as 1.
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Declining Demand Analysis Results: LDHP

STEP DECREASES THAD NB NB-MOD NB-NPV ICP
ACWT 3.56 5.451 4.21 5.82 4.94
TOTAL COST 24154.56 23329.261 23337.50 23360.18 23509.81
AVG YRS RL 13.88 6.21 7.15 5.76 8.00
MADM

25% ACWT / 75% TC 0.97 0.91 0.96 ! 0.90 0.92
75% ACWT / 25% TC 0.99 0.741 0.88 j 0.71 0.79
50% ACWT / 50% TC 0.98 0.831 0.92 0.81 0.86

CONVEX DECREASES TRAD NB NB-MOD NB-NPV UICP
ACWT 12.54 13.92 13.31 14.21 13.79
TOTAL COST 35582.07 34485.15 34587.07 34404.45 34623.23
AVG YRS RL 13.861 5.80 6.54 5.39 8.00
MADM

25% ACWT / 75% TC 0.98 0.97 0.98 0.97 0.97
75% ACWT / 25% TC 0.99 0.93 0.96, 0.91 0.93
50% ACWT / 50% TC 0.98 0.95 0.97[ 094 0.95

CONCAVE DECREASES TRAD NB NB-MOD NB-NPV UICP
ACWT 4.65 6.10: 5.44 6.38 5.76
TOTAL COST 25046.76 23241.03 23400.07 23180.42 23542.96
AVG YRS RL 13.88 6.29[ 720 5.83 8.00
MADM

25% ACWr / 75% TC 0.94 0.94 0.96 0.93 0.94
75% ACWT / 25% TC 0.98 0.82 0.89 0.80 0.35
50% ACWT / 50% TC U.96 0.88 0.92 0.86 0.90

Model Ranking by MADM Results
I 1 2 [ 3 4 1 5

STEP DECREASES
25% ACWT / 75% TO TRAD NB-MOD UICP NB NB-NPV
75% ACWT / 25% TC TRAD NB-MOD UICP NB NB-NPV
50% ACWT / 50% TC TRAD NB-MOD UICP N, NB-NPV

CONVEX DECREASES
25% ACWT / 75% TC NB-MOD* TRAD* NB UICP NR-NPV
75% ACWT / 25% TC TRAD ,NB-MOD UICP NB NB-NPV
50% ACWT / 50% TC TRAD NB-MOD UICP NB NB-NPV

CONCAVE DECREASES
25% ACWT / 75% TO NB-MOD TRAD UICP NB NB-NPV
75% ACWT / 25% TC TRAD NB-MOD UICP NB NB-NPV

50% AcwT / 50% TC TRAD NB-MOD UICP NB NB-NPV

Note: * indicates models have same rank and are both ranked as 1.
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Declining Demand Analysis Results: LDLP

STEP DECREASES TRAD NB NB-MOD NB-NPV UICP
ACWT 2.43 1.51 1.51 1.51' 3.33
TOTAL COST 1185.21 1079.81 1079.81 1074.83 1593.66
AVG YRS RL 13.88 57.08 61.15 24.30 8.00
MADM

25% AC., " / 75% TC 0.84 1.00 1.001 1.00 0.62
75% ACWT / 25% TC 0.69 1.00 1.001 1.00 0.51
50% ACWT / 50% TC 0.76 1.00 1.001 1.00 0.56

CONVEX DECREASES TRAD NB NB-MOD NB-NPV UICP
ACWT 2.49 1.88 1.88 1.88 3.15
TOTAL COST 1472.60 1458.72 1458.73 1447.05 1634.17
AVG YRS RL 13.88 47.11 50.43 20.92 8.00
MADM

25% ACWT / 75% TC 0.93 0.99 0.99 1.00 0.81
75% ACWT / 25% TC 0.81 1.00 1.00 1.00 0.S7
50% ACWT /50% TC 0.87 1.00 1.00 1.00 0.74

CONCAVE DECREASES TRAD NB NB-MOD NB-NPV UICP
ACWT 1.50 0.77 0.77 0.77 1.55
TOTAL COST 1054.90 _ '13.75 1013.75 997.99 1329.69
AVG YRS RL j_13.88. 62.30 66.42 24.80 8.00
MADM

25% ACWT /75% TC 0.84 0.99 0.99 1.00 0.69
75% ACWT /25% TC 0.62 1.00 1.00 1.00 0.56
50% ACWT / 50% TC 0.73 0.99 0.99 1.00 0.62

Model Ranking by MADM Results

1 1 2 1 3 1 4 - I
STEP DECREASES _

25% ACWT / 75% TC NB* NB-MOD* NB-NPV* TRAD UICP
75% ACWT / 25% TC NB* NLbMOD* NB-NPV* TRAD UICP
50% ACWT / 50% TC N tJ*, NOMOD NB-NPV* TRAD UICP

CONVEX DECREASES
25% ACWT 175% TC Nt rO-NDV NB NB-MOD TRAD UICP
75% ACWT / 25% TC NB-NPV*" NB' NB-MOD* TRAD UICP
50% ACWT / 50% TC NB-NPV I NB NB-MOD TRAD UICP

CONCAVE DECREASES _
25% ACWT / 75% TO NB-NPV NB NB-MOD TRAD UICP
75% ACWT / 25% TC NB-NPV* NBI NB-MOD* TRAD UICP
50% ACWT /50% TC NB-NPV NB NB-MOD TRAD UICP

Note: * indicates models have same rank and are both ranked as 1.
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APPENDIX C. SENSATIVITY ANALYSIS RESULTS

Sensativily Analysis. HIGH1- DEMAND /CON VEX /STORAGE RATE

RATE = .01 (Default seting for DDA)

TRAD I NI N-MOD I NI-NPV UIOP
ACWT 24.011 25.71 5691: 2.5 24.55TOTAL COST 394.2 334089.74 338326.171 33326781 343.2
AVG YRS RI 13.881 5.43 j 7.081 5.02 8.00
MADM
25% ACWT /75% TO 0.9714 0.981 0.971 0.8 0.98
f5-/%Acw / 25%TC 1 0.991 0.951 0.95 0.93 0.98
50% AOWT /50% TC 1 0.981 0.961 0.96 095cI -ooj

RIATEm.G1

TRAD I NI Nm-MOD I NB-NPV UIOP
ACWT I 27.21 22-691 2981 30.441 2739
TOTAL COST 357217.8 34853.47 350530.32 344784.851 353724.12
AVG VMS RI 9.811 4.961 6.541 4.621 8.00
MADM

25% AOWT /75% TO 0.97 - 0.981 0.97 0 9 0.98
75% ACWT/125% TO 1 0.991 0.941 -I 0.921 O.9

L500/ACWT/150% TC 1 0.981 0.961 0.9s5 0.981

RATE .06

I HDI N8 0BMO I B-NPV UIc
AOWT I 2P7 0. 1 .11F 33.14 29.18
TOTAL COST Yjii.Vijl3Ft8S53I3.2736.241 3634253.12
AVG MS RI 1 .871 4.57 6.071 4.281 8.00
MADM
25% AOWT /75% TO 0.981 0.981 0.981 0.971 0.98
75% AOWTIf25%-TO 0.991 0.941 0.971 0.911 0.99

50AOWT 150% TC 0.981 0.961 0.981 0.941 0.981

RATER .07

I TRAD I NI Iii"iD I NBI-NPVJ WcP
TOTAL OST3207.48 326.5 3681.0 3930 7 _5678.73

AVJG VMS RLI 6.51 4241 5.671 3.991 8.00

2S%AOWT/75%-TO 1 0.961 0.961 0.961 0.961 0.97.
75% AOWT / 25% TO 1 0.961 0.881 0.931 0.871 0.99
50% ACWTI/S5% TC 1 0.981 0.921 0.98 0.911 0.98

Model Rankidng by MACIA Results

Rats a 0.01 Dolmult setng tar flOA)
I g25% AOWT/71t TO NBO* UICP I N84P I BMD ITHADf

75% ACWT /25 TO D TRA UIOP N e I NB-MOD NB-NPV

50% ACWT / 50% TO UICP'1 TRAD- I-No NIMDNLP

Rate a 0.06

2L% AOT/5%TITHD I ll"I e NB-MOD NB T AD icr B15% AOWT /5% TO uicP' -LTAD' N-M OD NB INIIINPV

Rate = 0.07

IS 2 5WT215% Tc UICP. D I NB-MOD I R I N WBNPYI
5% AOWT / 5% TO UICP- THAD' INB-MOD- No NB-NWl-q

50% ACWT /50% TO UICP ITHAD INB1-MOP0) NoI NB3-N

Note: ' Indicates modtels have the same rank and are both ranked as 1.
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Sensativity Analysis: HIGH DEMAND /CONVEX /ORDER COST RATE

RATE = 200

TRAD NO NB-MOO NB-NPV UiCP
ACWT 24..01 26.35 2-- 71 27.12 24.55

ITOTAL COST 34775121 3319M.111 336425.45 331557 641 338450.71
AVG YRS RL 13.8 527 6.91 4.88 8.00
MADM
[25% ACWT 175% TC 0.97 0.98 0.97 1 0.97 0.98

75% AOWT / 25% TC 0.99 0.93 0.95 0.91 0.98
50% ACW /50% TC 0.98 0.95 0.96 0.94 0.98

RATE = 400

TRAD I NB NB-MOO NB-NPV UICP
ACWT 24.01 25.94 25.74 27.03 24.55
TOTAL COST 348303.18 332428.02 33706,.42 33210.23 339029.96
AVG YRS RL 13.88 5.32 6.97 4.92 8.00
MADM

25% ACWT / 75% TC 1 0.,97 0.98 0.971 0.97 0.98
75% ACWT / 25% TC 0.9 0.94 0.95 0.92 0.98
50/. ACWT / 50% TC 0.98 0.96 0.96 0.94 0.98

RATE 800 (Delault setting for DDA)

TR -- NB NB-MOO NB-NPV ICP
ACWT 24011 26.771 2&691 26.45 24.55
TOTAL COST 349545.12 334089.74 338326.17 33327.81 340333.27
AVG YRS RL 13.88 5.43 7.08 5.02 8.00
MADM
25% ACWT /"75% TC 0.97 0.98 0.97 0.98 0.98
75% ACWT 125% TC 0.99 0.95 0.95 0.93 0.98
50W, ACWT / 50% TC1 0.981 0.961 0.96! 0.951 0.98

RATE = 1200

1 TRAD NB NB--- NB-NPV UICP
ACWT 2401 25.89 =90.1 26.33 24.81
TOTAL COST L 350511.081 335322.15! 339398211 S42.111 341346.96
AVG YRS RL 13.88 5.52 7.17 5.09 8.00
MADM
25% ACWT / 75% TC 0.971 0.9u1 0.97! 0.98 0.98
75% ACWT / 25% TC 0.99 0.941 0.95 0.93 0.98
50% ACWT / 50% TC 0.98 0.96 0.96 0.96 0.98

Model Ranking by MADM Results
I 1 1 2 3 4 5

Rate z 200
25% AOWT /75%TO;I UICP No* I NBMOO I NB-NW I THAD
75% ACWT / 25% TC ThAD WOCP _ 11NBMO N I NB-NPV
50% ACWT / 50% TO UICP TRA NB-MO0 NB NB-NPV

Rate = 400
1 25% ACWT / 75% To I NB' I UICP& 1 NB-MOO I N-NPV I TRAD

75% ACWT / 25% TC I TRAD I UICP I NB-MOO I e NB-NPV
50% ACWT / 50% TC I UICP* I TRAD' i No' NB-MOO N -NV

Rate m 800 (Default setting for ODA)
1 25% ACWT /75% TO I NB' I UICP' I NB-NPW' I NB-MOO I TRAf

75% ACWT / 25% TO TRAD ICP N NB-MOO NB-NPV
50% ACWT / 50% TC UICP* TRAD I NB NB-MOO NB-NW

Rat. a 1200
25% ACWT /75% TO I NI' I W4CP* I NB-NPV' I NB-MOO I TRAD
75% ACWT 125% TC TRAD UICP I NB-MOO I NB NB-NPV
50% AOWT / 50% TC UICP TRAD' I N NB-MOO NB-N

Note: *indicates models have the same rank and are both ranked as 1.
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Sensaivity Analysis: HIGH DEMAND /CONVEX /OBSOLESENCE RATE

RATE = .06

TRAD NB ND-MOO ND-NPV UICP
ACWT 14.97 18.46 17.17 19.85 17.99
TOTAL COST 321842.45 312977.96 314537.71 3122M.90 313143.04
AVG YRS RL 18.56 7.64 9.36 6.791 8.00
MADM
25%-- , '% Tc 1 0.98 0.951 0.96 0.941 0.96
75% ACr,' ; 25% TC 0.99 0.86 0.90 0.82 0.87
50% ' W /50% TC 0.99 0.90 0.93 0.881 0.91

RATE = .09

TRAD ND NB-MOO NB-NPv UICP
ACWT 20.091 21.68 2226 23.13 21.51
TOTAL COST 335428.45 i 323697.57 326513.97 152 IS 32648669
AVGYRS L 15.891 6.34 8.06 5.76 8.00
MADM

25% ACWT / 75% TC 1 0.971 0.98 0.971 0.97 0.98
75% ACWT / 25% TC 1 0.99 0.94 0.92 0.90 0.95
50% ACWT /50%TC 0.98 0.96 0.95 0.93 0.96

RATE = .12 (Default setting used in DDA

TRAD ND NB-MOO NB-NPV UICP
ACWT 2401 25.771 5.9 26.45 24.55
TOTAL COST 349545.12 334089.74 338326.17 UZ I.81 34033327
AVG YRS RL 13.88 5.43 7.08 5.02 8.00
MADM
25% ACWT / 75% TC 0.97 0.98 0.97! 0.98 0.98
75% ACWT / 25% TO 0.99 0.95 0.95 0.93 0,98
50% ACWT 150% TC 0.98 0.96 0196 0.95 0.98

RATE = .is

TRAD ND I NB-MAOO NB-NW I mCP
ACWT 26.05 30.72 29,68 31.41 29.52
TOTAL COST 367494.391 349330.601 354442.861 MON.f63 35906721
AVG YRS RL . 12.301 4.761 6.301 4.44 8.00
MADM
25% ACWT 75% TC 0.96 0.98 0.27 0.97 0.97
75% ACWT 125% TC 0.99 0.93 0.95 0.92 0.98
50% ACWT / 50% TC 0.97 0,96 0.96 0.95 0.98

Model Ranking by MADIM Result

1 2 3 4 S

Rats = 0.08
25%NWT /75%TC I ]MAI I NB-MOD UCP I ND I N7 5 % A C ; T / 5 C I T A

75% C 25% TO TRW INB-MOD IOP ND NB-NPV
50% ACWT/ 50% TC I TRAD I NB-4OD I NCP _ND N"NPV

Rate = 0.09

75% ACWT / 25% TO A UP ND NB NS.NPV50% ACWT / 0% TC TRAD ND UIP ND-MOO NB-NPV

Rate = 0.12 (0efault aettina used In DDA)
I 25% ACWT / 75% TC 1D I N8P I INPV I NB4AOO I TRAD I

75% AWT / 25% TO I TRAD TAP I M I NMOO NB-NPV I
50% ACW / 50% TO L0 IOP -MAWr NOB NB4O NB-NP

Rate = 0.15
1 25%ACWT/75%"TOI NB I UICP, I ND-MOO' I , NPV I TRAD

75% ACW / 25% TC 1BAD I UICP I NB-MOO] ND NB-NPV
50% TCWT /50% TO WOP ITR NB-MOO - ND NIBNPV

Note: I indcates models have the same rank and we both ranked as 1.
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Sensavity Analysts HIGH DEMAND/ CONVEX/ SALVAGE RATE

RATE z.01

TRAD N NB-MO. NB.NPVl UICP
ACWT 23.92 25.67 25.63 2645 24.55
TOTAL COST 349587.94 333013.67 33728525 3W91 339281.04
AVG YRS RL 14.68 5.48 7.01 8.00
MADM
25% ACWT / 75% TC 0.96 0.98 0.97 0.98 0.98

75% ACWT / 25% TC 0.99 0.95 0.95 0.93 098
50% ACWT / 50% TC 0.9 0.9c 0.96 0.95 0.98

RATE a .02 Det seeing for DDA}

TRAD MS U N- NB-NPV UICP
ACWT 24.01 25.771 25.69 26.45 24.55
TOTAL COST 349545.121 30.76 33326.17 33326.81 34033327
AVG YRS RL 13.08 543 7.08 4.4 800
MADM
25% ACWT / 75% TC 0.971 0.981 0.971 0.98f 0.98
75% ACWT / 25% TC 0.99 0.95 0.95 0.93 0.98
50% ACWT / 50% TC 0.98 0.96 0.96 0.95 0.98

RATE: .05

TRAD I MS NB-MOO - N.PV UCPACWT 24.4 272 25..5 28.80 24.55

TOTAL COST 1 350113.421 3370M.16 11 351228.86 33456T011 343489.97
AVG YRS RL 12.05 528 6.93 4.84 8.00
MADM
25% ACWT / 75% TO I 0.971 0.98 0.981 0.98 0.98
75% ACWT / 25% TC 0.09 0.95 0.97 0.93 0.99
50% ACWT / 50% TC 0.98 0.97 0.97 0.95 0.99

RATE :c.15

5 TRAD NB N B-MO NBNNPV UCP
AC WTT 4.4C- 2__728 26.05 28.68 R4.55TOTAL COST 1354825.771 340_165.01 3512211.861 $486W.61 354012.31
AVG YRS RL -8.491 4.791 6.01 4.281 8.00
MADM

25% ACWT /75% TC 0.99 0.71 0I98U 0[ M 0.9
75% ACWT /25% TC TA1.0o 0.2 S N 8 oO99
50% ACWT 7 50% TC 0.91 0951 0.9 0.92 09

Motel Raridng by MA DM Resuks
I 1 I 2 i 3- 4 5

Rate a 0.01

1 25% ACWT /75% TC I me-P I MB' [ UOD I ND-NPW I TRAP

75% ACWT / 25% TO TRAD ICP I ND-O I MB-NI
50% ACWT /50% TC ICP I TRAD M NBO - NB-NPV

Rte c 0.02 (D t settino for DOM
125% ACWT / 75% TC I NBP I URPw NB-NPV I M j NB- V TRAD

75% ACWT / 25% TC TRAD ILCP NBOO NO-M IBL50% ACWT) 50% TC I CP ITRAD- N8 NB-4AW I

Rate = 0.O5

75% ACWT / 25% TC I T A W I UICP * NK-M 0 N6 I NB-NIW
50% ACWT / 50% TC I CP THAD NB-MOU) NM NB.NPV

Rtate c 0.15

75% ACWT / 25% TC TRAD I U1CP MB-MOO NB NB-NPV
J50% ACW'I 1 50% TC I TRAD- I UIICP- I N84AM I N NNP

Note.: * idates models have the same rank andm both rnkld as 1.
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Senrativt Ananlysis: HIGH DEMAND/ CONCAVE/ STORAGE RATE

RATEm .01 DefD~ seting f DDAj

TRAD NBI NB-MOD NB-NPV UICP
ACWT 12.28 14.72 14.04 15.05 13.03

TOTAL COST 23163426 20843528 213789.73 207017.15 217823.08
AVG YRS RL 13.61 5.38 6.87 4.98 8.00MADM- '

25% ACWT / 75% TO 0.92 0.95 _.941 0.951 0.95
7% ACWT / 25% TO 0.971 0.87 0.90 0.86 0.94
50% ACWT / 50% TO 0.95 0.91 0.92 0.91 0.95

RATE = .03

TRAEN NS N-MOD N -N V UICP

ACWT 13.42 16.44 15.47 16.96 14.25
TOI AL COST 235398.86 216923.50 222797.49 214975.46 230106.07

_ AVG YRS RL .. 9.81 4.921 6.34 4.581 8.00
MADM

25% ACWT /75% TO 0.93 0.95 0.94 0.95! 0.94
75% A gWT /25% TO 0.98 0.86 0.89 0.84 0.94

ACW 6Y A T50TO 0.96 0.90 0.92 0.90 0.94

RATE o.05

TTAD I NBI NI-MOO NI-NPV UICP
WT 18.71 1.25 17.* 19.77 15.47

TOTAL COST 241397.60 224443.921 231825.01 22t 121 241893.88
AVG YRS RL 7.871 4.53 i 5.831 4241 8.00
MADM
215% W /5% A l 0.941 0.961 0.951 0.96 0.94
7'5% AlWT / 25% TO 0.971 0.891 0.931 0.87 0.96

0oAOWT/ 50oT I 0.951 0.921 0.941 0.921 0.96I

RATE a .07

TRAD .. NB NB.MOD I NO-NPVI UICIP
-- WCWT 17.56 18.80 17.60j 19,581 1f 18

TOTAL COST 249388.11 233548.76 24165.02 23192.55 255296.49
AV.G YRS RL 8.65 4.20 5 491 3.951 8.00
MYAD(.;

25% AWT / 75% T.1 0.91 . 0.95 0.94 0.94! 0.93
75% ACWT / 25% TO 0.88 0.85 0.89 0.83 0.98
50 /T50% To 0.90 0.90... 0.91 0.9 0.95

Model Ranking by MADM ResultsI 1 2 3 4 1 5

Hate a 0.01 (DeftAt ttinl for DDA}I
1 250% A T O N-N+PV I " No" I UICP* I P41MOO TRAD
175% ACWT/25% TOI TRAD AD U I ND-MOD I N I NBiEV
1 50% AcWT /50% TO I TRAD I UICP" I NI-MOO I N I NI-NPV /

Rate m 0.03

25% ACWT / 75% TO I NAD I P NBMOD UICP THAD

75%ACW 25%TC l P TRAD N-MOO NO N -NPV
50% ACWT"/50%TC I UIOP . IhAD I ND-MOD I NB NI-NPV I

Rate m 0.07

I25% ACWT / 75% TO I No I NB-NPV I NB-MOD I UiCP -T RAD

75% ACWT / 25% TC UICP I NB-MOO I AD IN NB-NPV

50% ACWT / 50% TO I UICP I NB-MOO I No I TRAD N NPV

Note: I Indicates models have the same rank and we both ranked as 1.
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Sensativity Analysis: HIGH DEMAND/ CONCAVE/ ORDER COST RATE

RATE = 200

TRAD NB NB-MOD NB-PV UICP
ACWT 12.28 15.551 14.981 16.04 13.03
TOTAL COST 230883.87 20736624 212826.75 206063.49 216922.74
AVU YRS RL 13.88 527 6.76 4.89 8.00
MA59-

25% ACWT 75%(C 1 0.92 0.941 0.931 0.94 . .0.95
75% ACWT / 25% TC 0.97 0.84 0.86 0.82 0.94
50% ACWT /50% TC 0.95 0.89 0.89 0.8 0.95

RATE z 400

TRAD NB NI-MOO NB-NPV UICP
ACWT 12.28 14.90 1415 15.92 13.03
TOTAL COST 231114.77 207692.54 213235.53 U5U.G0 217199.76
AVG YRS RL 13.88 5.31 6.80 4.92 8.00
MADM

25% ACWT /75% TO I 0.921 0.951 0.931 0.94 0.95
75% ACWT / 25% TC 0.97 0.87 0.86 0.83 0.94
50% ACWT / 50% TC 0.95 0.91 0.90 0.89 - 0.95

RATE a 800 (Default setting for DDA)

TRAD NB NB-MOO NB-NPV UICP
ACWT 12281 14.72 1404 15.05 13.03
TOTAL COST 231634.28 20845528 213789.73 207017.16 217823.ov
AVG YRS RL 13.88 5.38 6.87 4.98 8.00
MADM
25% ACWT 175% TC 1 0.92 0.95 0.941 0.95 0.95
75% ACWT /25% TC 0.97 0.87 0.90 0.86 0.94
50%ACWT 150% TC 0.95 0.91 0.92 0.91 0.95

RATE . 1200
TOTRAD I N. -- NBM , NBNPV UICPJ

ACWT 12.28 05 15 1 1.93TAL COST232036.351 200145 214441 '27861 218307.87
iAVG YRS RL 13.841 5.441 6.93.1 5.031 8.00|
IMADM

75% ACWT 125% TO 0.97 0.51 0.911 0.71 0.94

0.6 0.90 0.931 0.91 0.941 50% ACWI" 50% TC 1 0.951 0.01 0.931 0,911 0'.1

Model Ranking by MADM Results
1 3 J 4 1

Rate * 200
I25%ACWT/75%TC I UICP I NB I NB-NPV I NB-MOO I TRAD

75%ACWT/25%TC IRA I UICP NBMOD NB NENPV
50%ACT J/50%TC I TRAD ICP I NB-MOD NB NB-NW

Rate a 400
I25%ACWT/75%TCI NB' I UICP* I NB-NPV I NB-MOO I TRAD

75% /250, TCI TRAD UICP' I m I NO-O N PV
50% ACWT /50% Tr TRAD* UIC," I N B-MOO NB-Np

Rate s 600 (Defautt settng for DDA)
?25%ACWF/75% TC I NB-NPV' I NB' I UICP' F NB-MOO I 1RAD

75% ACWT / 25% TCI TRAD UICP N5-M I NO I NB-NPV
I w50% r /50.TC ' TAD, UICP' I NB.MOO I No N-Npv

Rate u 1200
1 25% / 176% TO I NB-N I P N1 0 0 N AD I
I75%C 25%C . A C NB N PV N

560%ACWT/50%TC I TA" I UIoP. I NB-MOO I 14-NW I NB I

Note' 'Indicees modls have the same rank and we both ranked as 1.
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Sens'itivity Anailysis: HIGH DEMAND/ CONCAVE/ OBSOLESENCE RATE

RATE m.06

TRAD N111B N"00O1 NB-NPV I UICP
ACWVT 7.31 10.43 ".8 1197 10S
TOTAL COST I 98434.681 193703.71 1 186146. 11Z1 10271 184760.54
AVG YRS 1L 18.56 7.571 9.121 6.751 8.00
MADM _______________ _

25% ACWT 75% TC I 0.941 0.921 0.921 0.901 0.91

75-CW 25%T 0.901 0.771 0.801 0.711 0.77
50 AC 50 02TCC1 0.961 0.651 0.861 0.81 04

RATE m .09

TRAD I NB NB-MOD1 NO-NPV I UICP,
ACWT 10.011 12.711 1270 13.781 12.01
TOTAL COST 214393.521 196187.701 1995500 194470.711 200781.78
AV GYRS L - 15.891 6.291 7.841 5.721 8.00
MADM
25% ACWT /75% TE 1 0.931 0.941 0.931 0.93 1 0.93
75% ACT /25% TC 1 0.981 0.841 0.631 0.791 0.87

5%C;;/50%TCI- 0.951 0.891 0.88 0.61 0.901

RATE =.12 (Def swling for DDA)

TRQ I NB NB4WD NB-PV I uIcP
12.2 147 140" 1 5.05 13.03

TOTAL COST 231634261 2064358 213769.73 10011.161 217823.08
AV R L13.8 5.381 6.871 4.981 8.00

25% AOWT / 75% TC 1 0.921 0.951 0.94 0.951 0.95
75% ACWT / 25% TC 1 0.971 0.571 0.901 0.861 0,94
50% AW/50%TC 1 0.951 0.911 0.921 0.911 0.951

RATE z.15

ThAD I NT-NB4 ~ NB-N F UICIP
ACVVT 15.21 17.831 17.201 16261 10."TOTAL COST 247914 220141.051 227080.8 2TO~lU41 235916.93
AVG YAS RL 12.301 4.711 6.11IL. 4.4 1 8.00
MADM
25% ACWT /75% TC 1 0.911 0.961 0.941 0.961 0.93

75%6A /25% 0 0.971 0.891 0.901 0.07 0.93
50% ACT 50% TC 1 0.941 0.921- 0.921 0.921 0.931

Model Ranking by MAOM Resufs

I 11 2 3 1 4 S

175% ACWT/275% CO ThAD N1410I W I I IN

7%A T/2%C TRAD IC NM0I N UCP IN-
50% ACW / 50%.TC ITAD C5A NoI tc N14-

Rate is 0.120 ful at o D
25% WT /75% TO N B PV' N I CO-PV RD I 0W

75% ACT/ 25%TC ITHAD I NCP NB-MOO NBO N NPVN
50% AOWT / 50% TO ITAD'I UICP'I m INOM NBO.NH

175%A ~/25%TC ITAD UIOP N OW I W IN P
50%AO T/50%TC I FAD- UP 1NB4 NB Nu

Note: 'Indicates moulsb have the same rank and wre both ranked asi1.
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Sensativity Analysis: HIGH DEMAND/ CONCAVE/ SALVAGE RATE

RATE .01

TRAD NB I NB-MOD -MP-V F UICP
ACWT 12.22 14.65 14.03 - 14.98 -13.03
TOTAL COST 1 232609.911 20766449 213227.691I 206361.401- 217132.09
AVG YFIS RL 1 14.68 5.431 6.921 5.041 8.00
MADM

25% ACWT / 75% TC 1 0.921 0.951I 0.941[ 0.951 0.95:
75% ACWT / 25% TC 1 0.971 0.871 0.901 0.86 0.94

150% AC / 50% TC 1 0.941 0.911 0.921 0.91 0.941

RATE 3.02 (Default setting for DDAI

S TRAD Ni N B --- 11-MO110 1 NB-NPV I UlC]
ACWT 12281 14.121- -- 4.64F 15.05 13.03]
TOTAL COST 231&34281 208435.281 213789.731 207011 217823.08]
AVG YS R 13.881 5.381 6.871 4.961 A00]
MADM________ _

25%ACT 5ii~ 0 .91 .9 034 0.95 I 0.951
75%R AOW /2% TO 0.971 0.871 0.901 0.86 0.94

50 50% CE 0.951 0.911 0.921 0.911 09

RATE u.05

TRAD I NS NB-M4WO -NWV UICP
AIW 12661 14.98 I 14.42 I 15.341 13.03

TOTAL COST 22965.071 2105116.551 215684.68 2=1.8 1989.04
AVG YRS RL 12.05J 5231 6.721 4.811 8.00

25% ACWT / 75% TC 1 0.931 0.961 0.951 0.9 0 .96
75% ACW / 25% TC 1 0.981 0.881 0.901 0.871 0.97

f50% CWT / 50% Tc 0.961 0.921 0.921 0.91 0.961

RATE .15

TRAD NB NBW-MOO10 NB-NPVI CP
ACwt 13.131 15.471 14 17.541 1303
TOTAL COST 227938271 217710.92 ?1449.161 210619.031 22680.93
AVG RAS ERL - 8.4111 4.731 6.221 4.251 8.00
MADM

25% ACWT / 75% TC 0.96 0.961 0.961 0.941 0.97
76% ACW / 25% TC 0.908 0.681 0.921 0.81 0.991

150% ACW / 50% TC 1 0.971 0.921 0.94 0.7 0.981

Modael Ranking by MADM Result
-- 11 2 3 4 5

Rate a 0.01
1 25% ACWT /75% TC I NSNPV 1 14111 1 U[CP* I NB-MAO I RAD

75% ACWT /25% TC ITAD UICP INB4O I NBI-NPV
50% ACWT / 50% CO UICP' TAD' Ni1-MOO I NB I BNP

Rate a 0.02 (Deffault natt for ODA)
1 25%ACWr/ 75% TC IN-P' N UICP- I N0-OOAW RA
175% ACWT / 25% TC ITRAD I UICP INB-1M NB N P
150% ACW / 50% TC ITRAD' LCP* I 11111W I NO Nf N

Rats a 0.05
1 25% ACWT /75% TO I 1ACP* I NB' I N-NW I N99-MO I11W

75% ACW / 25% TC ITAD I JCP !!111110i NB-NW
50% ACW /50% TC I P AJE: N0WO IB-

Rite = 0.15
1 25% ACWT /75% TO I UICP I TRAD I NB-MOO I NO I NB-NW I
175% ACW / 25% TC I ICIP ITA N11-1W I w I -N 0
150% ACW / 50% TC I UICP IB NRD IN-MDI m -NW9

Note: * indlcte woe" have the owrns rank and we both ranked as 1.
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Sonsavity Analysis: LOW DEMAND iCONVEX STORAGE RATE

RATE = .01 (Default setting for DDA)

TRAD NB NB-MOD NB-NPV UICP
ACWT 12.54 13.92 13.31 1421 1379
TOTAL COST 35582.07 34485.15 3458707 3440445 34623.23
AVG YRS AL 13.88 5.80 6.54 5.39 8.00
MADM
25% ACWT /75% TC 1 0.981 0.971 0.98 I 0.971 0.97
75% ACWT /25% TO 0.99 0.93 0.96 0.91 0.93
50% AC /S5/0 TO 0.98 0.95 0.97 0.94 0.95

RATE u.03

TRAD NB NBMOD NB-NPV UICP
ACWT 13.361 15.651 14.16 16,27 14.63
TOTAL COST 36236.12 35530.08 35659.28 35568.61 35896.61
AVG YRS RL 9.811 5.32 6.02 499 8.00
MADM
25% ACWT / 76% TC F 0.991 0.961 0.981 0.95 J 0.97
75% ACWT / 25% TC 1.00 0.89 0.90 0.87 0.93
50 Ao / 50% C 0.99 0.93 0.97 0.91 0.95

RATE u.05

TRAD NB NBMOD NB-NPV UICP
ACWT 153 18.07 16.43 18.78 15.34
TOTAL COST 3698.671 36470.111 36.M1 3497.761 36990.70
AVG YRS RL 7.87 4.93 5.58 4.65 8.00
MADM
25% ACWT /75% TC 0.99 0.96 0.98 0.95 0.99
75% ACW" / 25% TC 1.00 0.89 0.95 0.86 1.00
50% ACWT /50% TC 0.99 0.92 0.96 0.91 0.99

RATE w.07

TRAD NB ND-MOD NB-NPV UtcP I
ACWT 1724 19.05 18.53 19.62 16.46
TOTAL COST 37686.09 37412201 37582.75 37390.56 38098.63
AVG YRS RL 6.5 4.59 520 4.36 8.00
MAD.U
H2% ACWT /75%1TC 0.981 0.971 0.971 0.961 .9
75% ACWT / 25% T0 0.96 0.90 0.91 0.8 1.00

/0% ACWT / 50% TO 1 0.97 0.93 0.94 0.92 0.99

Model Ranking by MADICI Results
I 1 1 2 3 I 4

Rate V 0.01 (Default sting for DDA}
I 25%1NACWT/75%T HN-MOD I TRAD 1 ND I UICP I NB-NPVI
1 75% ACWT / 25% TC "IRAD UIP I ND I NB-NP
150% ACWT / 50% TC TA N UIOP I NO NP

Rate m 0.03
I 5%ACWT/75%TO I -TAD I NB-MOO 1 U1CP NB NB-NPVI

175% AWT /25% TO TRAD INB-MO UIGP NB NB-NPV
50% ACWT/ 50% TC I TRAD L NB-MO I UICP I e ,-NV

Rate w 0.05
75% ACW/25% TO UIOP' TAD I N8 I NB-NPY

50% ACWI / 50% TC B UqCP I TRAD' NN-MO I N9-NPV

Rate s; 0.07
1 25%_ACT_/ 75%TC I UICP I TRAD :Z N9-AOD I NO I.. -N-P
I 7n"j ACWT /25% TC. UICP I TRAD I HBaWo I 'NI I N"-NF

S50%ACW / 50% TC UICP I N

Note: * Indicates models have the smine rank and -e both ranked as 1.
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Sensativity Analysis: LOW DEMAND /CON VEX /ORDER COST

RATE z 00

TRAD -NB I NB-MOOI -- NS-NPVT UICP
ACWT 12.54 -14.3-1 13.721 14,37 13.79

,TOTAL COST I 34904.161 SM67.571 33901.151 33701.201 33914.69
AVG YRS fL K 13.881 5.361 6.I11 5.031 8.00

MAOM
25% ACWT 1 75% TC 0.971 0.971 0.971 0.971 0.97
75% ACWT / 25% TC 1 0.991 0.921 0.931 0.901 0.93
W150 ACr / 50% TC 1 0.98S 0.941 0.951 0.941 0.951

RATE a 400

TRAD NB NB-MO NB.PV UI1CP
ACWT 12.541 14.12[ 13.241 14.30 I 13.79
TOTAL COST 35112.74 3306870 34091.89 33M0.62 34132.71
;KVG YR L 13.88 5.50 $.24 5.14 8.00,
MADM
25% ACWT / 75% TO 0.971 0.971 6 .981 0,971 0.97
75% ACWT / 25% TC 0.991 0.921 0.961 0.911 0.93

50% AC / 50% 0.981 0.941 0.971 0.941 0.951

RATE a 600 (Default *esting for DDAJ

-TRADF -- NB NDB-M-O -- ND-NP-VT UICP
ACWT I 118541 1"f9l 1 3.311I 14211 13.79
TOTAL COST 35582.071 S4.is& I 34587.07 41M.451 34623.23
AVG YRS RL 13.881 5.801 6.541 5.391 8.00
MADM _________

25 ACT/7%T .8 ,7 191 0.971 0.97
75% AOWT / 25% TO 1 0.991 0.931 0.961 0.911 0.93
50% ACWT / 50% TO 0.951 0.95_L 0.971 0.941 0.951

RATE v 1200

TAD NB I NB-MOD1 NB UICP
AW 12.54 13.751 13.181 14.00 13.79

TOTAL COS V 54iY 397.521 35084.201 3 .45 35004.76
AVG YRS RL 13.8 6.031 6.771 5.58 8.00
MADM
25% ACWT / 76% TO 096 F 0.98 0.981 0.97 0.9
75% ACWT / 25% TO 1 0.991 0.931 0.961 0.921 0.93

150%ACWT /50% TC 1 0.981 0.951 0.971 0.951I 0.951

Modml Ranking by MAIDM Results
12 3 1 4

Rate a 200W-- 
I IAP 1-25% AC / 75% C TRAW e N114D4 N6

75% ACW /25% TO AD N iICP I Nl INB

Rate a 400
1 25% ACWT / 75 TO I NMO IThRFA I 8 I UICP NB-NPV

75% ACWT /25% TC I RD INB- 00 UICP I BO ND-NP
50W% ACWT /50% TO TRAD IHIMDI UICP HIN

Rate a 800 (Detit mettina for ODAI
25% W / 75% Tr NSD- I' FDAb NBl I ICP -NPV

I 7K%ACWT/25%TC 1 TRAD I NO-MOD I UICP I No soBNPL50%ACW / 50%.T~ C RD I11-O UlCP I NO NN

Rate m 1200 _________

1 25% ACW / 75% T6C NW m-MOD'* NI IhD 1i'~-NPV I UICP---
75%AC r/25%TI TAD OWO N UICP NI 4

150% A T/ 50% TCITAD I-N= NB I UC

Note: * Indl~es models have the aums rank and we both ranW. as 1.
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Sensativlty An~aysis: LOW DEMAND /CONVEX /OBSOLESENCE RATE

RATE = .06

TRAD I NBI NB-MOD I NB-NPVJ TO
ACWT 7.321 8.291 8.101 8.771
TOTAL COST 32578.421 31942.981 32004.911 31834591 31757.58.

AV R L18.561 8.001 8.851 7.131 8A

25% ACWT / 75% TC 0.981 0.971 0.971 0.961 3.96,
75%/ ACWT / 25% TC 1 0.991 0.911 0.931 0.881 .t
50% AC / 50% TC 1 0.991 0.941 0.951 0.921 N

RATE z .09

TRAD I NBI NO-MOD I NB-NPV I UIC,-
ACWT 9.641 11.291 10.481 11.64l 10 U
TOTAL COST 34027.661 33172.341 33374.831 33099.0 .l 8
A~VG4R8 fL - 15.891 6.711 7.51-L-- 6.1333
MADM

25% ACWT / 75% TC 1 0.981 0.961I 0.971 0.961 0.97
75% ACWT / 25% TC 1 0.991 0.891 0.941 0.8!71 0.92
50% ACW / 50% TC 1 0.991 0.931 0.961 0.911 0.941

RATE 3.12 (Default selling for ODA)

TRADI NOB NB-MOOI NB-NPV I UICP
ACWT 12.54 13.92 13.31 14.21 13.79
TOTAL COST I 35W8.071 34M9. 15 1 34687,071 $4404.451 34623.23
AVG YRS RL --13.881 5.80 1 6.541 5.391 6.00
MADM
25% ACWT / 75% TC 1 0.981 0.971I 0.981 0.a7 0.97
75% ACWVT / 25% TC 1 0.991 0,931 0706= 0.911 0.93
50% ACW / 50% TC 1 0.981 0.951 0.971 0.941 0.951

RATE m.15

TAI NOB NB-M NB-NPV UIC
ACWT 14.00 15.961 15.27 -16.921 15.05
TOTAL COST 37325.241 3601 1 25.35 3905.411 3W7.90
AVG VRS RI 12.301 5.1 5.791 4.821 6.00*MADM I1
25% ACWT / 75% TC 1 0.971 0.971 0.981 0.j61 .97
75% ACW / 25% TC 0.991 0.91 0.941 0.671 0.951
50% ACr / 50% TC 1 0.981 0.941. 0.961 -0.92 0.96

Model Ranking by MADM Result
I 1 2 3 4 5

Rate a 0.09
725% ACWT / 25% TC TRAD NB-MOO NOP NBIC NB-NI~

1 5% ACWT / 5% TCI TRAID INI-MOO N UICP N I NENPY

Rate a 0.12
1 25% ACWT / 75% TC T N-MD NBMI TR ' I NBIP NJIP NU-NPV I

75% ACW / 25% C I TAD IN"O UICIP I NB N -NpI50%,ACW / 50% TC ITAD IN-O I ICP BO No-N-'

Rate a 0.15
1 L25A WT 175% TC I NB-MOO * I TRAD N I NBC I NO-NIPv

175%AC r/25%TC ITAD I I NB-MOO
50% A T/ 50% C I RD I UICI I N4 I NOB N-NV

Note: * ndicates models have the two rank andaweboth rnked as1.
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Sensatlivlty Analysis: LOW DEMAND/CONVEX/SALVAGE RATE

RATE c.01

TRAD NB NB-MOD NB-NPV UICP
ACWT 12.48 13,86 13.31 14.19' !3.79
TOTAL COST 35617.78 34390.86 34486.51 34269.30 34514.30
AVG YRSR 14.68 5.84 6.59 5.451 8.00
MADM
25% ACWT /75% TO 1 0.971 0.971 0.981 0.971 0.97
75% ACWT / 25% TO 0.99 0.92J 0.95 0.91 0.93
50% ACWT / 50% TC 0.98 0.951 0.97 0.94 0.95

RATE a .02 (Default setting for DDA)

TRAD Nb NB-MOD NB-NPI UICP
ACWT 12.541 13.92 13.311 14.21 13.79
TOTAL COST 35582.07 34485.15 34587.07 34404.45 34623.23
AVG YS RL 13.88 5.80 6.54 5.39 8.00
MADM
25% AcWT / 75% TC 1 0.98 0.971 0.981 0.971 0.97
75% ACWT /25% TC 0.99 0.931 0.96 091 0.93
50% ACwr / 50% TC 0.98 0.95 0.97 0.94 L 0.95

RATE = .05

TRAD NB NB-MOD NBIPV UIcP
ACWT " 12,66 14,06 1114 14.20 13.79
TOTAL COST 35626.31 34".7,79 34928.90 34707.40 34950.03
AVG YRS RL 12.05 6.66 6.40 523 8.00
MADM
25% ACWT / 75% TO 0.981 0.971 0.991 0.97! 0.97
75% ACWT /25% TO 0.99 0.92 0.97 0.91 0.94
50% ACWT /50% TC 0.99 0,95 0.98 0.04 0.96

RATE =.15

TRAD NB NB I NB-NPI UICP
ACWT 13.651 1428L 1.45 15.3] 13.79
TOTAL COST .608210 3 73 35994.61 36148.96 38029.37
AVG S L 8.49 520 5.941 .4.70 8.00MADM

25% ACWT / 75% TC 0.99 0,991 1.00 0.96 0.99
75% ACW" / 20% TC 0.99 0M 1.00 0.90 0.98
50% ACWT / 50% TC 0.99 0.97 1.00 0.93 0.99

Model Ranking by MADM Resut
[ 1 2 3 4 

Rate m 0.01
25% ACWT/75% TO I NBMOO' I NB* I TRAD' I UICP" I NB-NPV ,
75% ACWT / 25% TO TRAD NB-MOD UICP NO I NB-N I
50% ACWT / 50% TC TRAD NB-MOD UICP I B NB-NPV I

Rate z 0.02
25% ACWT / 75% TC NB-MOO TRAP)' I NB UIOP INB-NWV
75% ACW/25% TC TRAD NB-00 UICP I N I NB-NPV

I 50% ACWT / 50% TC I TRAD I NB-MOO J UICP j NB I NB-NPV

Rate a 0.05
125%ACWT /75% TC I NB-MOO IlA lOP NO NB-N1 75% AwT /25% Tc I TRAD B JO UCP Ii NO INf

S50% ACWI" / 50% TOJ I- TRAD 1. NO-MOD I UICP N N N VJ

Rate ,a 0.15

125%Ac /75%TCI N A P TR.D N-iN1 75% ACw T/ 2s %TC I NO-MOD I TRA P I uIUc I N" I , ,p N B N f
50%% TC I N@:M I - TRAD I UICP N N

Note: * Indicaes models have the same rank and am both ranked as 1.
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Sensativity Analysis: LOW DEMAND/CONCAVE/ STORAGE RATE

RATE m.01 (Default setting for DDA)

TRAD NB NB-MOD I N3-NPV UICP
ACW T 4.651 6.101 5.441 6.381 5,76
TOTAL COST 25046.76 23241.83 23400.07 23180.42 23542.96
AVG YRS RL 13.88 6 ..629 720 5.83 8.00MAOM

25% ACWT / 75% TC 0.94 0.94 0.91 0.93r[ 0.94
75% ACWT / 25% TC 0,98 0.82 0.89 0.801 0,85
50% ACWT / 50% TC 1 0.961 0.88_ 0.92! 0.861 0,90

RATE c.03

ThAD NB NB-MOD NB-NWPV UICP
ACWT .89 727 6.27 7.69 6.44
TOTAL COST 2535629 2423285 24460.34 2420.94 24806.99
AVG YRS RL 9.81 5.78 6.63 5.40 8.00
MADM
25% ACWT /75% TC 0.97 0.95 0.98 0.941 0.96
75% ACWT / 25% TC 0.99 0.86 0.95 0.82 0.93
50% / 50% TC 0.98 0.90 0.96 0.88 0.95

RATE 3.05

TRAD NB NB-MOO N UICP
ACWT a 6.8 8,16 7.401 8,46 6.50
TOTAL COST 25680.64 2525 25,314.93 2 4.40 25761.12
AVG YRS RL 7.87 5.35 6.151 5.04 8.00
MADM
25% ACWT / 75%TC " 0.981 0.951 0.961 0.941 0.98
75% ACWT /25% TC 0.99 0.851 0.911 0.83 0.99
50% ACWT /50% TO 0.98 0.90 0.93 _ 0.88 0.99

RATE = .07

TRAD NBI NB-M NB-NIV/ UICP
ACWT 7.951-. 8.71 8.39 8.83 7.20
TOTAL C08 26306.81 281.701 26023.521 241.701 2681826
AVG YRS L5.6 4.98 5.73 4.72 8.00MADM
25% ACWT / 75% TO 0.961 0.96 0.96 0.95 0.97
75% ACWT /25% TC 0.92 0.87 0.89 086 0.99
50% AcOWT /5(% TC 0.94 0.91 0.93 0.91 0.98

Model Ranking by MADM Resua
I 1 2 3 4 5

Rate c 0.01 (Default mettina for DDAI
.25% ACWT / 75% TC NB-MOO I TRAD UIOP I No I NB-NW/
I 75%ACWT/25%TO I TRAD I NI-MOO I UICP I NI I NB-NWH
I 50%ACWT/50%TC I TRAD j NBAOD I UICP NI BB-NV

Rate a 0.03
125% ACWT /75% TC NB-MO I TAD I UICP 1 NB 1 NB-NPV

75% ACWT / 25% TC TRAD I N8-" I UIOP I eINB NB-NW
I 50% ACWT /50% TO TRAD I NB4AO! I UICP I NB2 I. NB-NPV

Rate a 0.05
1 25% ACWT/75% TO IP' IT I NB-MOO meN I NB-NW
175% ACWT /5% TC UlCP* I RAD I N -MO D I NB I NB-NWPV

50% AOWT _ 0% TO - UlOP NB NO NB-NWV E

Rate a 0.15
75% ACWT / 25% TC I UICP I TRAD I NB-MOO I NO I NBN FVI

50% ACt'W /50% TC UICP TRAD I N-MO NB NB-NW

Note: " indicates models have the same rank and we both ranked s 1.

104



Sensativity Analysis: LOW DEMAND/CONCAVE /ORDER COST

RATE m 200

1 TRAD NB NB-MOD NB-NPV UICP
ACWT "4.65 6.67 5.67 6.80 5.76
TOTAL COST 24614.92 709.28 22893.73 22M.46 23015.72
AVG YRS AL j 13.881 5.70 662 5.35 8
r.ADM
25% ACW 1 175% TC o 092 0,95sj _.4
75% ACWT / 25% TC 0.98 0.771 0261 0.761 0.e5
50% AW/50% TC 0.96 0.8 0.91 0.4 09

RATE a 400

"RAD 1 1NB NP-MOD I NB-NPV I UICP
ACWT 4.65 -. 5.42 6.68 5.76
TOTAL COST 24747.791 22950.0 , t97T.5 224.51 23177.95
AVG YRS AL 13.88 5.d8 6-.801 5.50 . 8.00
MAOM
25% ACWT / 75% TC 0.941 0.93 0.96 0.921 0.94
75% ACWT2 / 25% TC 0.98 0.90 0.89 0.77 0.85
50% 50% "01 0.96 ().87 0.93 0.85 0.90

RATE a800 Default seltling for DDA)

TRAD N NN1 -MOD NB-NPV- UICP
AwT I 6.10 5.44 6.38 5.76
OTALC 25046.76 21241-89 23400.07 291M4 23542.96

AVG YRS RL 13.88 6.29 720 5J31 8.00
MADM
25% ACWT /75% TC 0.94 0.941 0.6 0.93 0.94
75% ACWT / 25% TO 0.98 0.82 o5tr9 0.80 oo.85

AOWT / 50% To 0.96 0.88 06 0-9o

RATE a 1200

'MAD NB N84AO NN UIOiP
IACWT 45 5.731 5.38 6211 5.76
TOTAL COST 2527929 239.44 23772.05 80(IV 23826.86

OVG VS RL 13.88 6.60 7,521 6.01 8.00

1-50% ADWT / 50% TO 1 0,971] 0.911 C .93,- - 0.87L_- 0.901

Modal Ranking by MADM Results

I 1 2 4 5

Rat a 2001 25% ACWT /75% TI NB- I  TRAD UICP N 4 0.94

1750/ ACWT /25% TC I TRAD NE-MOD UCP No N-NV
1 50% AC, 150% TC I TRAD IN UIOP 1 IM | NB-NW

Rate z 400
1 25% ACWT / 75% TO NB-MOO TRAD I UICIP I NO I NE-tIPY

75% ACWT / 25% TC TRN- N-MO UI
5N-W0 /50%TC TB I UICP N NB-NW _

Rate x800 Deta settin for DDAI1 25% ACWT / 75% TC I N1114" JI THAD_ I UCP I NO I _ .P
75% AC WT 125% TC I 'AD) N**I WOP ? 1 Ff"B-PV

50% ACWT 1 50% TC MAW I Nt-MOO UIIP NBLN

Rate a 1200
25 WT 75*/WTONiB-oo 1 N 1 TRAD I UCP I NBNPV
75% A WT 25% TCI TRA M N1 IN I
E0% ACwT / 50% TC I TRAD I N-MOI No I UICp NB-NPV

Note: * indids models have tK oawne rank end am both raked as 1.
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Sensativity Analysis: LOW DEMAND /CONCAVE tC)BSOLESENCE RATE

RATE :x.06

TRAD I NB I NB-OD I NB-NPV I UIOP
2.54 3.- 391 3.45I 3.47 3.53

TOTAL COST 21881.181 20559.131 20789.881 20418.5? 20569.38

25% AOWT/75% TO 1 0.95! 0.931 0.92! 0.931 0.92
7f5% ACWT / 25% TO 0.981 0.811 0.801 0.801 0.79
50% ACW / 500% TC 1 0.971 0.871 0.861 0.871 0.861

RATE p .09

TRAD NB NB-MOD NB-NPV UIOP
AOWT 3.41 4.27 4.08 4.82 4.11
TOTAL COST I 23337.77! 21M822 22156.851 21776.481 21990.64
AVG YAS AL 15.89 7.28 8.27 663 8.00
MADM
25% ACWT / 75% TO 0.951 0.951 0.951 0.931 0.95
75%/ ACWT / 25% TO 0.981 0.651 0.871 0.801 0.87
50% ACWT / 50% TC 1 0.971 0.901 0.91 L 0.871 0.911

RATE = .12 (Default setting for ODA)

TEAD NS NB-MO NB-NPV UICP
4.65 4 6.10 5.44 6.38 5.76

75% ACWT / 25% TO 0.981 0.861 0.931 0.31 0.95
75% ACW /5% TO 0.961 0.91 0,9 0.891 0.96

r0% wIS 1 0. 2 318 492 0. 6 .0

I 5%OWI7%T IlAD I NSNO I NBI-PO I UICP I NB-OO

AiVt* a 0.09

25% ACW / 75% TO 0.I 0.P' 0I7 0UAD5 E B B-O'IN- 0PV9I
75% AOWT / 25% TO 0.9AD NB-MOO U .93P NB 4 N 0-P
50%M ACWT / 50% TO 1 EA 0 UIOP S-MOO NB95 0 N8-N0.

Rite a0.15
26%AOT/5TO I NRD-MD I WCP' I NI- I ThAD NS-NOV
75% AWT 25% TC ITAD UICP NB-P N4W NI-NP
50% AWT /50% TC ITAD' INo I NBNfI NB4O pN

Flats z indiate moul hav theD sam rakadaebthNmes1

25% r 75 TC UIP* ITRA106B



Sensativity Analysis: LOW DEMAND /CONCAVE /SALVAGE RATE

RATE =.01

TRAD NB NB-MOD NB-NPV UICP
ACWT 4.63 6.08 5.44 6.29 5..6
TOTAL COST 25140.991 23192.11 23314.591 23090.341 23445.31
AVG YRS RL - 14.681 6.34 725 5,89L 8.00
MADM
26% ACWT / 75% TO , 0.941 0.941 0.961 0.93 0.94
75% ACWT / 25% TC 0.98 0.82 0.89 0.80 0.85
50% ACWT / 50% TC 0.96 0.88 0.92 0.87 0.89

RATE = .02 (Default setting for DDA)

TRAD NB NB-MOD NB-NPV UICP
ACWT 4.65 6.10 5441 6.381 5.76
TOTAL COST 25046.76 23241.83 23400,07 23180.42 23542.96
AVG YRS RL 13.88 6.29 7.20 5.83 8.00
MADM
25% ACWT / 75% TC 0.941 0.941 0.961 0.93 0.94
75% ACWT / 25% T1 0.98 0.82 0.89 0.80 0.85
50% ACWT / 50% TC 0.96 0.88 0.92 0.86 0.90

RATE z.05

TRAD NB NB-MOO NB-NPV UICP
ACWT 4.95 6.211 5.381 6.311 5.76
TOTAL COST 24885.57 23Wl 79 2748 23491.25 23835.93
AVG YRS RL 12.05 6.141 7.06 5.66 8.00
MADM
25% ACWT / 75% TC 0.961 0.951 0.971 0.9 r  0.95
75% ACWT / 25% TC 0.99 0.85 0.94 0.84 0.89
50% ACWT / 50% TO 0.97 0.90 0.96 0.89 0.92

RATE ,.15

I TRAD I NB I NBMOO I NB-NWV UICP
ACWT I 5*4 6.331 5491 6.941 5.76

LTOTAL COST 1 24901.78 245 4.13 1 24M6 1 24894.491 2481 2.47
[AVG YRS RL 8A91 5.651 6.571 5.101 8.00
[MADM

25% ACWT /75% TC I 0.981 0.971 1.001 0. 41 0.98
75% ACWT / 25% TC 1 0.981 0.90 1.00 0.84 0.96
50% A T / 50% TC 0.8 0.93 1.00 0.891 .97

Model Raring by MADM Results
1 2 3 4 5

Rate r 0.01
1 25%ACWT/75%TC, NB-MOO I UICP I TRAD I No I NB-NPV
1 75% ACWT / 25% TC TRAD NB-M UIP I N I NB-NPV

50% ACW" / 50% TC TRAD I NB-MOD I UICP I N NB-NoIH

Rate a 0.02 1Default settine for DDAII
I 25% ACWT / 75%TO I NB-MOO mAD UICP I ND I NB-NP I

75% ACWT /25% TC I 14 NBMOD I UICP I NB I NB-NP
50% ACWT / 50% TC I TRAD I NB-MOD I ICP NB I NB-NPV.

Rate a 0.05
1 25% ACWT /175% TO I NB-MO I TRAD I UICP I NB-NPV NO

75% ACWT / 25% T RAD N B-MO 1 JICP NB NB-NW
50% ACWT / 50% TC I TRA NB-MOO UICP NB N-N

Rate z 0.15
"25% ACWT / 75% TC I NB-MOO I FRAD I UiCP I NO I ND-NW I
175% ACWT / 25% TC NB-MOO TRAD UICP I ND I NB-NW

50% ACWT / 50% TC NB-MO TRAD UICP NO NB-Np

Note: * Indicas modals have the aame rank nd ae both ranked as 1.
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APPENDIX D. SIMULATION CODE

This appendix contains the following pascal code for the

simulation:

shAmZ TYPE OF CODE -- AQZ #

- UICP_Simulator main program 109.

- toolbox unit 144.

- unirand unit 148.

- PDUnit unit 153.

- PQueue. unit 165.

108



program UICP_Simulator (input,ouput);

uses Mon, cit. toolbox. uarand. PEUnit, "q.*ue:

rype fuazteiAzLAY-ahzay II.. 100) Of teal;

we.klyArzay-aruay lV.1300) of real;

ze1Arzay-ariay II, .750) of teal:

q7trlntA-aay.Azrtiy 11..100) of lntegni

changeRealArry -anday l. .5) of real;

changevlnrArry -array 11- 5) of integel;

rdS2fzeld-stiingl):

desci lptType-Itring)40);

const COEP1-1.38b;

POER 1-0.746;

C0E7F2-3-969;

POWERZ1. 378;

KMAXPLT-14.0:

MINPLT-2.0:

EPRORt-I.00000000000000E-00l0:

YRSERR-tV;

NINEP. 5;

Vat wkly~b~erv~weeklyAz-ray:

observ, tr-cst. wad, RODArry, ROLvelArry.tfhtfr-y.

$SADW, SSADV.S. nLdArry ,varlidMrry i nvestQtr ,qtirSWA.-qusterAirray;

atoplndsrtzv. trndlndArry~akCodeAiry:qtrlnthrray;

obsazrv~ype .diat rTyp. .outputlvp.. sndtyp. ,wkflata~ype .qO rIMaaype.

PMiatarype. rep~tatype, EFR~ype. an.l 11 ociype: char:

nupberRe-p. z, numbezfftp~nusberOfOtrs~numberOfWk.marktode. witInv. suaCount :integer:.

meanpEmand. vaz-Ouand; real;

nolInt .tiencfln.St epfn. abr~t epa. nsbrtenda . 'WS. ordeCount Int ge:,;

o .9seldlcex, nusQtr: integer;

currxSeod: longint;

inputfi le.Outputfile~text;

noRealI. 0 sEAR; real;

strinoval :r'd2field:

stop boo lean;

atartstep. atartind, *nodtrnd. changelntArry;

stepeult. tirndoneff. trcn4%ower: ohangRealArry;

hourl. minutel. acconedl. ldSeclI.hoor2 .aanut 2, econd2 ,hdSec2 ; iod;

out FileName: string;

Oslieap. SO~eap: Pr ior i t yguoueype:

AIIEIW.AOE.ms9A. nv~st~r..l:

siuADDBO saAE sinSMll aislnvest, sim~rdieCount:rwal;
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ci bi "psaisa. ci di syosa Icount . cit odOL c itndOS IealI;

varAbbfR.varADOvar4KA~varnveu.varOrdercountral;

vAl bizifoas. vati ';spoalCount .var~nJ3'.H~vartnrfls:xe aI:

-ii sposa'out'd:?-1; s ndOpen1OzInegei :

asimDsposalCI a siobisposalIs, aisV.w1I4.sisEwtS: .eai

Iunfiesci ipt:descri rt~yp.e;

votCosr.'ldTCod.i7 r. so,niVl:rel

totC -stArrly, holdTtAs a-y. nrrleiCM ,y. shortTMAI ky. gaivYR~iVx:qumrteiAi l ay;

*x eot Cost, simle I ryY!. s-isoderilt $I shortlC eifsalvT; I ea I:

ci Ttost, i HclIdCcictdrr(7, iSoitTC.ci Sa I rR: I -1:

plocedut e Front screen:

begin

cli nosr;

-It# In:

wi-st sn;

wt it cla:

.Hrte in:

wi itel a:

vi itemn:

wrIt*lo I' ... .. .I . .... ... .. ..

nIete I P UICP LEVELS "OECASTING "I:

witeln U*SI)VLATOI i

writein I* R CGISWIABLE4M1

wziteln *

wrIteloIn G . C. Robijiard LT.SC

writeln 0. f C. Millei LCDR.SC

writeln *

mi.teln *

writein ...................................... ....... ;

DelaylISQO); (For 1500 nst

end;

proceure rntypw ivwr diett ryp.output?yp.kwkflet aI e .ctrDaitaType.

PWats~ype, tepSt-t~ype. EKAType. ma I IdType: char:

vat nusbetOlot s, nuterofWke. nusbetrOtRsp. ssdlndex~ integer;

war .ean~esand. vsisoemand:resl:

vat nhaYrsol. nistrsflflnreal:

vat inputfiie,outputtile: text:

vat ttcst.eadt quarterArray;

vat seeds; seed~rryType;

var outpilflaw: sttring;

vat, !unflescript ;desctiptTyrw):

var done; bcolean;

."x5tartinteger;

desadinri le! sttrn

begin



vi Stein THIS SCRMfl WILL ALUCM SELECIN OF RUN TYPE CP'!(INS

llone:-FALSE;

wi stein:

su ite I'Enteit the nusbes- of ze'rho at ion if%"* I to 7Scj) to be jun,

nuaber~fftp-sGet-jnteg~xril .750):

wi stein:

wiite(EFntei Run LK-scrirtion: 'I;

readiln ijunfecirt1:

wr ite In:

wi itelol 'Quarterly observat ionv wil11 be geneioted based cn youi select ion, of istsibiut ion, 1

writeln('I Poasson uz NormalI andk sed seleotion.:

N1istein:

wzitelo (Random fluobei Genelatol SeedA Selection: I

vIitein;

wiiteln I' I - Default array unique seed for each repicatton'):

wi stein 2 -2 Select seeds -axnuabei of itplsnations is 100ll;

WI ite In:

write 'Choice: I

seedtype: -adsey;

writein I seedtype);

wistein;

Canse erdtype of

I:begin

done: -TRUE;

.ax~tart:;-20t0l-nusberstf Reps

wi t.e('iiter Randlo. Seed St art I ndex i I to '.maSt art :2, )

aeedlde: . Get-Integet I I..axStart)

'2': begin

done: -TRUE;

if numberOffteps - LO then nmberofRope:.lOO:

for a :- 1 to nswterOfReps do begin

-rite liFntes Seed value for replication t,

seedllI :.C4t-t.Ofgltll.2147483646);

end; (for)

end

end

untilI done -TRUE,-

wistein U"RUN SELWECM4 OPTIONS CCWFIUII

wlatein: wtistein:

vitte VI'ntes the nuber- of simulation quarters: 'I

nubeOlctressGet.jntegerli, 100);

don. *ALSE:



wx itelm .7T i of Dist. bt% i.n:

wnitein (' I - Nors'alI

wziteln f'2 POISson'):

wri teln;

write "ChoiCe: 1

dastrfrez-readkey;

wrateln idastrl'yr');

wr ite In:

Case daz~tz~yrr of

dlone: -TRUE;

wil1t. Otte q..1t etly -n demandi:fl

wi item.;

write I*Pter desand Variance: I

VT ite#1n

end:

2:beg~n

done: ..TRUE;

write i~nter quarterly metan desand; ;

vartiDeed: .we~anDe..nd;

wite]n

end

end

wit i I doeTRUE;

frost llJ± -ieanflesand;

madil j:-COEFFI*)PPWfllfnlfrcst (Ii)):

done: -FALSE:;

cIrser:

eritein C ... RtW 3ELICT1Gl OflIOMS CCSTlW1Mi

writain:

repeat

witein 0initial inventory and Outstanding Reordors Selection:;I

write) n;

- mtein P 0 -Default: Initial in. - W Safety stock');

writein P 1 User specified Initial Inv. Nto Outstanding Reorders'):

%vr tel ii

write I'Choice: )

anal lncfyp*:.reactkey;

wriieln iallndrype):

en tel n:

case anallndrype of

0': do":r-TRUE:

'I'; begin

writei'ntez initial inventory in years of ainual decuand .1

numaYr " :=Get.3eAl 0.0. 1000.0):

done: -TilS;

end:
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end; I-a)

until doneeTVUt;

,*,-. -FALSE;

cli OCX;

lone: 'FAL"E;

Cis5cz

oziei ... RUN *f SELECTION OPTION,' CONTNIM I

wklit cin.

I epat

-'zitela (Type of Economic Retention Motel Selection:

wI ite In:

w iteln (* 0 No econocxc jetentinn model oe'l;

writeln f, I -Navy UI1CP-520i;

writela 1' 2 - et BenefitMoe)

wi itemn i' 3 Modified Net Benefit NodoeV):

nIt.ln 4' 4 - iPV Net Senefi .Mode I ) ;

writein 1* 5 Tradition Retention Model'):

writeln f* 0 Fixed Retent ion Requiremnt (in yearsl

yr ite in:

Write ('Choice: 1

EltITvrpe:-i-.dkey:

wniteln;lA~pl

case Efl~ype of

'.u:done:-ThlJE;

begin

writeU Enter retention requirement in years:

nusYrsRR-Gt..Ral (0.0. 1000.0);

done; TRUE;

end;

end; leAse)

wit i I doneTWuK;

done; * ALSE;

dirsc);

writein I' RU1NW SELECTION OPTIONS5 COWIN=U1"'

witeln; writoln;

Iepeat

vi iteln:

wiiteln USerid ouitput to: 1

writ eln;

writein (' I Screen);

.niteln V 2 F ile');

write) n;

write IUChoice;

outputType: readkev;

writein loutpustTypo);

cage outputTYp. Of

'P; begin

done: -fRVE;

assigiiloutpiutfile.,Cun'i
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write (iEnter Path an') Fienaie f

re-odin I)outF I Ieys);

wiiteln ('Path and Filetlae entered: .outFi letame)

e- it, In;

wide "Is this cuiecti' :Y *I W I

u:t;iGt _Anowe:;

endl;

until done.ThUE;

wktat ayr:'U

wi itehi;

wniteinch~de Weekly SDA rata?, iY or N):

if Gmet.Aswer then wkfatalype:.'l:;

q1trtayryp:.0-

writeln:

writeinclude Quarterly Ste Data? (Y or N):*)

if GQ,_Afltr then. t~tlye-B

PtiiatalYTe:-0';

wk & te I n;

mi tet( I nclIude Quarte#rly demand, forecast and Pt02/ Da t a? iY ot- N):t

if et.Answer then Pt~ata7Yp:-V:'

repStatype:s10:

wrtite) n;

writei'lnclud. Replication Statistics? IT orN) 1

if CotAnasr then rspStat~ype:. P1

end:

procedure RunAgain ivai outpiut fi Ie:text~var runliescrpt:descrIptflw:.

vat outputType. ERTlype! char;

van rnamYisflR:real;

var outri lofa~. string);

vaa desandlnFile: string;

donel :hoo lean:

begin

stop: -FALSZ;

ci t;

writeln I' Nt-ItU SILATION OPTIS &CML

wiiteln;

wiltelni-Re-running the simulation will maintain the etase run-type paramseters. but will');

writeln):alow the use, to change the destination foutput) file And vary NiN'l;

wu itelnfVAnd Mode) paraeteis'x.
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.1 itei.;

m2nIreik yr; 'eisIIh t'. I.--run the s 'I aAtI ,n? I' Y i NV: 1

if etnwithen begin

W I tein;

wite I'nter Run Zescription:'I

reallm frunflesci ipt):

end:

it itin;

'In-: FALSE:

wriitet'Change Economic Retention Model? IY or N): 1

If C7eTj-nwe then begin

wr ii e n;

wi iti In;

done) : FAL.SE:

vnite n:

repeat

witein 11Type of Economic Retention Model Selection: 'I.,

-r i tela;

wittln f' 0 -No economic retention miodel useod):

Vinitein C' I Navy UlCP-fi2O'i;

wi-iten C' 2 -Net Benefit Model*);

wiiteln V 3 Modified Net Benefit Model ');

iiteln (1 4 -NPV Net Benefit Mtodel');

iritelm 1' 5 Tradition Retention Model'i:

wr itein (' - Fixed Retention Requirement (in yeainsP);

Wi-i tein:

-rite ('Choice: 'I

ERJfype:-readkvy:

wuiltelo (M~pwe):

-ri teln;

case SlIXTyp. of

O..-*'': dovoi;-TRUCs

b:begin

writel'Inter retention requirment in years

niatYrERR:!-Cet.Reui (0.0, 100t.t)

donel ;"TRUE:

end:

endi; (case)

until done I-TRUE:

cIirscr:

writeIn V ' Rim SELECTION OPTION CCEIMI

writelo; riyteln:

end; (if)

if outputTYp*='2' then begin

write In;

wr-ite'Chargo Output File? (Y or N):.I

if Get..Arrwer then begin

i"pat
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Ci Itemn;

.tite EnI.thit Oput Pat 0n1 ilN

u ii C flvs l

... 'g ln (Pth and Filedase ]"A"] : eufli)

end;

en il-t: gi

stor.; -TRUE;

end:

clisci

end;

fuincti on Getkark[Code itoa~arintegar; treat. unjtPiice:real);ntee;

beg in

it t.1i then begin

it treat - 0.-5 then getxrktode;-0;

if ifrostp - 0.25) andl Ifiat .2.0) then begin

H untPrjce -- 300.00) then begin

getMarkcsde: -.3

end else begin

getflaikcnde; -I;

end;

end:

it frost .- 2.0 thei begin

it init Price-trcst) - 6000,0 then begin

getKarkCo&±.4;

end e0se begin

getMarkCode -2

end:

end;

end else be-gin

it oltiarkL - a then begin

if frost -. O.S then begin

it iinitPi-ice -300.00) then begin

rtarkCod:.3:

end else begin

rtakCOd&: .

it treut -.) then begin

if iunitfoiceIficat) t00.0 then begin

rotas zkCd:.4;
enwiese begin
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get M.Ar kcC.fr:

-ti:

: -lUatl-, 1, - ortazf rt- begin

it fI St -3 thenr t>.gin

itIf ntictct .- 03.; then ei

getNA: tr,-le: 4;

-1 .!*. b.9gIn

getmr hCo,-2

-nd;

tin' else if unithrice 20f. the#n begin,

getmaikcocle:;

-ei -.1. ; .- unt P I ce. 40(1 then begini

getpW kctde:.-3:

if ficst =0.25 then getNWzrCcx0o:-O;

{f ol4Iak&.21 91 (oPratk-U then begin

If frost - 1.0 then begin

1 f ithi; e .. 300.001 then begin

getkaz-kcoe ";

end els tbegan

got %a rkCoe:.l1

end;

end else if (un~tPriicetrcst) .= 00.00 then begin

getk&YrtCode; .4;

end else i luntPicetfrcstl ) 400.00 then begin

getkar kcadle; -2:

It tins! -- 0.25 then got~arkCoide: .0;

end;

end;

pmocodaze inItIasleAxrays Waer oboaen. thQAirY. kOtevel. SSADtW. SSALM,

SSSlIA UJRrzvr~iarterArray;

var steplnddir-y. trndlndrry uttodeArry: qtlrintArray;

nutbesOC - tnuaberOf~ks.nuaabertap:antege:

marz~emano; realI;

var .alyObserv:-e.klyAa ray;

yea .eanlhdArry. variod~rry -quart o Array;

vat totCoathrr-y.hcldttArr-y orderChrry.

short7CArry. savTtLAzy. anvest0'ti -

qo rS;quarterArrayl;

vat tintegei;

beg in

fnt;.i tv dobaiIts4 begin
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aeinIAA ly ft 1.

V-ILWAut)1t r. ;2C

£2Az~f fv! : D.

SS3(t I. 0. 0:

*replodz ry j t 1 -0;

ts zrvlntAa ry I t I: -0;

r.uvbtR~p * then t~qr.

tctCosrAttytfl:-C.0;

sulet MCA - I!tv -- r .. ;

shotTAtty!): .0.

tnvAstryti:xE.O;

q.zrSHAlt! :.O:

end:

f.. t:-i to int.ber~flat) do begin

wtlyflbnrv I 1:.0.-0:

p. ocedune Loa't~bnrv (var obaarv. Orcat .aad:quartrA'-ray:

.Ar ki yotaenrwaaklyArray:

vat waatmAi-ty var~wbdArn' t~t~rterhr-ray:

var treodind. stqilnd. ubtrStwpe. nmburarnda; I 'tegr:

aeanbnmand. var~maa:ireal:

Var urvttfilc~text;

var xeadsa tedrrVyIW:r

Var st art atep. at art i-nd. s-taft rd: dosangad nthrry:

vat a~flbmiit. rie-dcooef . ti-ettw-i: tfiangeftnlAtflt):

vat, S=tobaa-

:t, &in. obaervteet:tnteger:;

rrnoru. currffian~.mittsma coalffar. qt rObserv; real;

dtmandjnfilIs:string:

begin

if lrejlfa 1 ) anod Isonount - 1) then begin

lt.: 1to obegan

*t-t~tl9Ij:.: tartraitl:.0: owittrndlI:.
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rmtr'i ervis; -C;

.Cto nwmo&,OfQtus, 'to Legin

wi t.1n:

sNi teft you wish te vary "ean kie&Aov rate over timo? ten C1 M)

f a.,tAnswi then Ceqln

tlprm-~i: .0:

Cl iscIZ

vi its] n:

istiteln I' ''Mean tissary Var iants ..'

wiitelr. t'YoU have the option to Vary swan deesari tat, ownj ti"e. It the nian

wxuitetri I'disttijbtiio was selected, variance wki) also change to maintaink you:');

tritein ' original Va~rin" to iman ratio. Yr "ay choos bvtwn st ep chaNg&):;

W. itelin lor trend or any Combination of the events. If aon~ than one event is');

i- I tem 'chosen to ocur at the ~ec time, Step obanjes will ocux fist.'):

wuitein i'A maise of 5 icvurarncsr of cacti event i2 allowed.');

wiitt in:

write (CLo you still wish to vary ""a demari rate over time? i0 or N): 'I;

if Get.)nser then begin

writelnil' SteP changes Screen n)

write 'to you wish to have step increases or decreass? It or N):';

if Ge@tAninsr thnetm td;i

it stetod.) then bsgin

wiitein;

wits in Enter the .iumir of step changes desired frax 5]:

tumba Sst: CtnegrI.

write In;

wateiniflie stsep functioni is of the form: Neait) . A M eant-II

wvnilryou mist Specifty the value of *A' for each step.');

Sint:.!;

for i tel to iubtkSteps do begin

wit sin:

wi-itemn ('Step't:;

Wits ('Step rplarter: I

start gtepl [A1: .Get-Integer tmtn. nrof~extors);

wrzte i'Ztep S641iphi )A): i;

stermultlIIICe _RaioOOC0,tiit.OI
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ci Isc,

st P-D* rot zigh to haw.e tr~wWs fV orflil

if CozAiow~r Then tein:l

if tucnlnd1- then begin

ti U tin;

iitn*ii tt-i funot-o is of th. toiu:%

%viaIteinf Neanili - lnstTie-rsIwa * I A I' B

ti ielni~wh io) & is teset to '1 at tna beginning of each ttiii e m

writelni anbd Init7reomtfra is the Nean at the begining .f the tienire nt.)

writehiiUPrarteters A andi 8 must be qpecied for eachi trend reixi.li;

f or i:-l to emirtronta do begin

wttln red . 1

triteR l2

wi-t. PStart Qairter:

start FdiV I: G~tlntgarmtot.rnmrOf't rs)

- lt:.

erite PI*nd 'wart.,: ;

endt indl [& 1: f t teger Isoart vroll i t. nue-ofors).

twrite Pirend coef ficetnt JAI:)

wit.).';

wtet iTrend per 10)' :

wcritoe i;

mn: .endtradill-.;

endt; Iforl

end; it trentd-Il

endl; lif gets.',)

end; (if getans)

end elsea i f t - 0 theeO beg ini

if S-.V' then begin

meanlfar ry [0t1I: -weatlwmuld;

if distalyp-nel then begs.'

vasihidKrry t 1: .nsj~emd,

endi else begi

varI~miry ftI-c-rtieantsvI;

te d else begin

if stevlmd . I then begin
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for -1l to varSt"p w~ begin

If &%eArt Step rzd then cvzr"PAnIftl:-sto'pm.I! i 0cus-ea.Ea1;

iitfldn I then Legin

for I:-! ~ rsstiwtles et bogin

1! t *staituIvC I, then ntev e:.ruenni

If IT _. stAltunolfilll t .. .nfltrmlfI?; Thoq begin

cwrWrenmdinttrengrnlttvcct

if currgowatLmd . &C thin curz~lmnitwst,.K'

en:

if distiljTw.UI then begu;l

envd else begin

vartD"a mry I t) -urtanted;

ead;

eam;

it dztrlYP-lI' then begi.

zanxVcrs.sGetworual;

qt r~ibrv:.aro..id(ftwaft~Sr ry It I -Irandavwsiqrt I vartvl rt,));

if qtrobeerv - 0.0 then qtr~teen:.0.O:

for I!-] to rcmlt~sr)do begin

.kaylytoeeivllt-IS 'i~oebeervoekkI:-

elJe if dlstrj2' then begin

cr1 r~boor. v-Get Pox sac. i meanPlMriyI It I I

for a-'l to rousdiqtrObserv) do begin

ooeevink:.GetUniforulntl~lp;

vtlycbeervl It-l)Il caeorweki-

wk IYObserwI It - 1)*J3 obeeniweetlklI

end:

end: WoolI

ob*erv ItI)-qtrObmerv;

end; Ielse.ifl

end; fr

p-oedore Percnwt Ivor cbez. frcst. SS1;yarterArrv;

eax sgtoplnd~rav. t v-ln Srn.kCodoikrrV: qtrlntArray;

nxffiero!Qtre. rtepka: integer: aattPrice: reel) ;

coast ALPA-.l;
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tteiSmi %. 1, j. . table: integer;

in7t kostnan: thenlbegin

Leg I- bei

natxi- f(r t's I C r 1 .25ert =adC Ii tC - I.21st?1

tien'Ind .;

if Ifst er-ieut-1l -1 aw cx ~ d.) nkaerj t hen beg,.k~d~rl-l 3~thnicl~ai.h

at to -4n then begin

e- e #IeI 4thnbei

I m itev-l I a.-c Io-Iz~- I rcer th3 tbengig

ffrost x t I:tA I qIoberv I t -ll 1cosoAeIrIsI It-l:

it ft- te begin nmalt--

end se ift4he begin

en- els Jt i - pgr *d 1wl, 1 then begin

end; :.I

atfrost It) *t0 then.It; s.

sad else begn
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I f I(obni-VIt- I -l Ant ;jllk r$.0 th-n begin

end;

endhn ~q.

ennd.

,j : ten -bein g~

tti'.f9 to 04l o bvglo

end:;

for u!.-I to t- do begn

Sui.;s-a.rr Iobewr) I:t3 -smIeqean);

end:

ri s lele a e . 0. hn ei

foxd v:t- to t-I be o gn

sun:vTW -smq.obv a

~nd;

suen,i 0t.tm

for td-CtoO t- 1.d t begin

end;-s, ei

saplett:sartboh

end:

it saplffeaxx -0.05 them begin

atl.;olen:.aulstv.xel

end els begin

s~t~voiiea: ~99~123



t~ b 2

tab: 2;

end;

ix t isamiecinn .. 3.12 and !zajrpIe*erc- q. aidegi

1sdievitnflevioa 0.30) tnben :b

end;

if rsamn~veen --.. 30 and Isaqmpleiean - §0) then begn

it Iotiflievroe-n 030)28 tnen Wf:.-n;

if Iswaieifeaa --40 ad)eela 200) then begin

if zutdieeTofe.n - 0.53) then V:-.;

if (stdolivl'iean - 0.29) then W:.4;

end;

if Wsr~efa -. 0.0) then beg~t)in2)2

i5 )tdlntofa -053Ghn :t

if ) svie - 0.28) then V:. 1

jfV it-))v~i otvj then 5:-iti 1; 2

fr able iul to-n d begin

if N bev: .4evj then 3:-S.)

end; f)

if tWl - 2 then begin

tiendL~p:-. trenilvz:-4;

end;

if W . e then begin

ted:-:trndm~n:--;:

end;

if Wf . 4 then begin

tiencK~;=33; tzendn:--i3;

end;

if V . 4 then begjin

titnifjti:.t; tendcDn:.-;

end;

if if - o then begin

trencfjp;-il; ti-endks--I);

end; (t

ernd;rt:O
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ifS tren4)r then trownd:l1;

if S trendfln then rrendtnd,-.

if tterzdt -1 thenl begin

for z:-ft-C1 to tr-li do begin.

if frcatft! - 0.0 then madltJ;.0.0

ed; ( 

end: (if)

skCcde~jrv I t I etlarCode m~kCod#Arryt -I frCSt ItJ.I t Price)

ste~4rndAl ky It) ISteplnel;

t i-nindA:rvy I! -.trendlnd :

-Jd; (foil

end:

puocediur Loadloev Ivat frz:st, Pad. atserv, EcgArry. ROE.evlAiry.

SSAflOO, SSADD. 59SMIAcquaiterArray;

-ar .rkCod.Azi-ay-qtrlntArrtay:

var nimberOfgtrs: integer:

prtertPt : integer: meranDeiand: zeal:

VEDIta~ii:trhari:

v,,i A0flB.BRtLOC.$OhA.B0iA.023,BOV3D.07tM,PPV,3taltDO2i.BRLCU. real;

POS2strl:; strangl24f;

PEW2sti2. PO2str)l. Poflstr4. Pti2strS. PDt2strt. Pi8str?.

fliSZstiM: strlig[2551:

Priestrl: strnng(24);

PDtiitt2. pbstr. Pbebstr,4. poetstr5. Plihatrb, PE~fhsta7.

PV1bstrS: string(2551:

Pt06xtrQ: stringfhOj;

infile outfi lie:t flt;

Ivear: rvAI;

tI integer;

begin

for t:-l to nuateivf~trs do begin

got oxyl 1 I;

viitel'guai'tel I ',):

assaign linfilfI&,pd1sn.filI;

reset lmnfile);

readiinfile.PDtl2strl. PDS2stzZ. PDB2trJ, I'tlSsstl4. flfltstrS. F2strt.

fl*2str7. Ptit2trI);

close finfile);

S023D:-frcxstj ofcurient quaterly forecast)
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Afl 2 3 r, .san~in.n;

if t-4 then begin

A 02 3B; . ob se Iv I T- 4 1. beJNI vt -o b"eiv f t -2 .o se Iv (tA I 4;

-ni else it t *4 then begin

end osn 4f t *3 then b.-gmn

it AOZJB .. 0-0 then A0239:-.U;

stvTeq'!.ccpylPD82str2.4nl5), fOllA±-stringnAe lf;st1eW)-;

BC2Jc;.B9l lASO2jlj;

delete tPtD2str2,.l5):

inner' (NUmloSti in AOJ~s) .Ff 1t2 );

elete tM'2str2, 121.1IS:

inseit INoLW ringtBO2JDMi) ti.21

delte IMt2sti2.lht.l5):

insiert INuMtoStr-inglRD2JC).PDg2stz2.ldsl;

delete rPti2strS,4ll5);

insert IN'floStringlPPVl.Rii2st-5.Qll

M:..kC-deArryltl; (current saik code)

delete (PO92str4.24ll5):

insert (NlteroStr-ingfNl.PDa2stz4,2411;

if tskCodekrrylt) - 2) or (.kCodeArryltl.41 then begin

L7Vr:.l.57*80IIA;

5Ol9A:-SGllA~sqvlsadltl)*l.57(sqilfrcsttrll7ljVdi;

endelsie begin

if aslBO2JCl.ERROft then 502C:.OOt;

if B02~3C.C.0 then begin

BC I9A: -D.-

end else begin

B0l9A.t0UILF2expPNWt2'n18023C3I)

end;

end;

delete EPDU2strZ.7GEl5);

inrert tNuaToStrinig(5019A).pDflsti2,76)-

if skCoeArryltl - 0 then begin

BRULLX>-J;

end else begin

if rnbntkht - 0 then be-tin

EMRLLC: .5;

end else begin

if 5C23C - 'tflrkPt then begin

end else begin

end;

end;

delete lPDM2strZ.,,15;

insert (tsleoStillflBlC),Pb2stizlsJ;
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votnite (outfile);

wrtelOn~ourtxle.Pa92str,. PDS2stx2. PVS2strJ. PttB2str4. PtiH2st,5, P 'H2sztt.

0D8i2sta7. fVO2tzI)

cls foutfite);

SW.ArVeCt OrS

exec doi!uicr'PtLw2KRo.ee d;\uacppS2in~tI pUW2out.fIl

Sesi'Vectos2 5:

if Elos~rroi u then begin

w iti.In;

Snrund 3220;

4elay 300,';

mosound:

wiiteln I'Dos error V, Loistrroz);

HitToCont;

end:

assign (noegSotfll

reset (nfile);

readlinfile.'t32strl. pDV2st&2. PVS2stz3, PflU2st.4. pV8SZt5. PtOetre.

PtIS2etr
7
. PW02struI;

clseInflile);

st r?e,:.copy IPtl2str7.lt9t.l151,WI±Srnroelsreq

ROLevlArry it)-309

stI'Te:.cpvIfti2str?.224.l$); 3021:-String~otealIStTqz')

EQoArryltj;.9021;

strte*':.copy(PtiM2qtr7.)Z1.15); BRLDCU:.StringoRnhlIStrTsr):

if PVI)atalVTw *1 then begin

In~titflI6ile:

Swaploectors:

ON" Id;\Ulcp\PPDS&K4.exetd:\uicp pdltin~fil pdfeout.fiI I

SwapVctors;

if lksklrr C thmen begin

vi itemn;

SowsdI22O);

delay 1300):

Nosound:

writefIn (Doe error V. Doslrrori:

Hi iToCont;

end;

&ssign inieidbu~ai

reset I infi he):

readhinfile.PD1bstrl. PtlStrZ. PO~bstri. Pt§betr4. Ptiibstr5. PD~bstirb.

PD86bstri. POSbetrS. PtbhstrR);

chose lmnfihe);

stt'TeW. -cop'yhIPtfbstr@. let,15); SSADWOt:.StrmngTo~eah)StrTe-');

etteq:s-copyhPlbstrl. 1S1,15); SSAlEDitj:.trin;G~o~eal(Sti,'eW):

etrTeq'-copyhPDbstr9.h9blS); SSM)tj :-StringToRieaihtrTeep);

end;

end;

end:
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pt ocedluie Coq'tneEAvat ROLbeaAx z-y. Ffl3Aty. frcst .Nal. £A-P.yquat~tAttlay,

ERRType;chaz;

r~tockOt Z.L'LV1 .svgwaL~T.ifz.rtObShOrt-frqexzhott;zeal;

ftkibtxuOff. fPr-iueOfT,TnTr'l,.-,k. P.F.LCK.C.Ps.W.t .eirA~re.,kf

beg in

cast EaRRype of

'0'! begin jne dlsrosali

EaLR:.OHCusza

ERRArtylqjtm 3 ERAtrylcitx! * 0.-

end;: I CAse 0)

I1: begin tuiqIj

VII:. 4 - fitstjr

VI:. YPSZRF - VII;

it WI - MIKE" thten EAA;-WI

else ERR;-NltfEA;

ER~rryjtr) :-tAALArryjqtxj * ThOCA;

end; [case 1)

2:begin (net hen)

if (ftat rr 0) and EOQArrylqtrl .0) then begin

?ler:.lt~njtiice- (n~tpTnice - ealykate)

(ordei-Cost /EOO~rrylqt-jj) J Itnirtice IltoldFracl)

itooAtlqtt I2 / 40 * ftcst Ictti;

ERR:.fleto 1 4 -frcstjqtxj;

£RArry~qtrlt.CRflrrylqtrl . Tferc;

end (if)

else begin

WRrryjqtr:ERRAi-ryiqtrj . 0;

end; {uluejf

end; (ease 21

3'! begin feod nit)

pStockOut ;.dholdlracunjtptvice) /

(holdfracunttPiice).shrtCostmalEesent));

Zz-Zinv(Otockktt):

Lfli:.Itcst lqttPPLT;

it lskCodeAriYlqtrj - 2) oi iukCod@Azvtqtr).4j then begn

LTVst :.l .S7PLT;

saguaLlTt;-sqrt )PIe~qrieadqtrl)fl.5l).)sqtrcetiqtrl))

end else begin

if .k*(LT?-EROR then LTD:-0.0;

it Lru.0.0 then begin

uigmwLTD: .0.0
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sig-L'ti:s..q" IC3E~FF2eprfP0ct2 In, M'

enM:

end;

rrob'siozt -utkol 142);

expShoit :.(LTh - OLevlAry elt ))pi obshort . siaLTD'rdfZ;

it (tlcit iqta I 0) and (EODAiryllqtsl - -) theen begin

!OQAryiqt~i (2'Pftrcst Iqt) 1

ERl:.TZer-4ficstlqti]:

Efl-ny!rTi;:RRA-rYittr - ?Zem;

end fit)

else* begi n

ERRArs-ylqtil :.FARArry~qtrl -0;

end; (else)

orii; (CAs" 3)

4:begin

:-infftate:, k'-dscRate; P:-unitp-sce; F;-hnldFrac;

Q:-EOQsrvlqtz-1; R:-4Vfrcstjqt.1; C:-orderCost; *elta-40000;

Ps:.unit Price.saivtate- N:.4t1-estlqtr) 'nuiiH;

if frost lqtil - - 0) and ltOQArrylqtsl ] 0) then begin

t:-iuntprace - untPiice I SalyRatel

lordes-ost I WQAi-y)jtzJl)) I )unitPrmce I holdFracl)

lEOOArsylqtrj / 1i 1 frst Iqtrj) 1

Tn:-t!

flPrmeOMT-s;

While Idelta -6.01) aW d (&n - 0) and CM . RW

And IabelfbblPrsOfT) - ERROR) d. begin

-Ps'R- (PintA),12lk):

f~b~rswll.PPFRli kt)/2(opiuaqkst)Cqoik

lIPt (t'i-k) )/A) -1) *ew(i-k) ixt)-il

mnl :sT-ftrietT/t~b!Px-sneofr:

t:.Tnl:

T.: .Thl;

end: (while

if Tn) - FEACO then iegin

fLA...Tn-4-fscst (qtul;
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eryA f It)

.1". began

UP:, (.!

end f I f

elsw bmegan

ERR:-I;

£AitArrylqtrj:.tRMAzrylcitrl - 0:

end: WeSe)

en: case 4)

T ezo:. ln ( sxalvitate- fd~scfate-Obslatsl stolRiate'! !-Obnol RateP

I i.daicftate));

ERfi:WTZrni4frC~t )qtrl:

Eflarylqtz I:-fltAry(Citrl .*M

end: (case, 5!

b:began (fixed)

Eft: -n~oaYrsflRR4 rcat lqtul:

litiArry lqtti :-EiArry Iqtrl - nuarslfl:

and; c~ase 6)

end;) (all cases)

it EMA NE tPen ERit±-flR

else EJIR:.HINM kt

if ONCuri -fERR then begin

dasvrosaCOunt :-dlsoaalcouac * I;

dialiosalste-taaPosals . (OflCurr - zouas-I(ME):

qttDiX~oe:O1Kusz rrad(it:

ON~ut-r. -round!I ERR);

end; (at

end: (rrnt.Efl

plocechuje SIvar OSmeq,. S2Bnp: PraorttyQueu.Yype@:

vat wtly~bseiv:wpeklyArray;

vat i ry.ese~roere rsEiry~~atrr y

var nuabetOtC~trs.anatlnv.orderCount: integer;

v-rdsoasdaoaCut :ntsgn:

nbean~emArd. sat a_,?LT:btM sapaeodrot.cerc el

shotrtCoetsalvRitte PLT.obmsolitate.dscfiate:tseal:

var nualrsfuit. nouragila teal:

ft3 KEms*nt areal;

var iC..ndlH.no inteqer:

wkt alype qi rUM afTe . outputlype. O
t
rypr. anal Indtyps. aChat:

var tolCost.hod7C~crdeitlt.shortTC.salvflareal:

vat totCostArr-y hola4TCArry. erdeirlhray. shoztiCAra y.

salvflArry.a nvestotir.qt rSUAe~qaaterhrrav(:
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dAz wt lyW'.x I iy5S: dat a, eccid;

atr.J.Jaatk-. secIrt .. erIyta,..e In It 01rA.,. ntOS: it

xkr .s:ze03. asizeB
6 

.qt at D -s~aw-O~ integr-;

Aqn~.urAPLTkynvi .-4t. Invest. .aerInest I eol ITer-r -A I;

flaqi flaq2:boowean;

POT] !I .doflot.Orrat OSCwu a IB~ot bSOuia: .Ofcust OMPi"v. 11'cuzz I 1PlI : initegfl

ci aO. cunPO.cu CSICcsScRo .nur In terv al: ;ra I;

stautInt. untLengtb~real:

beg in

Sets-ei (*cetAy jnuaneftz

OS~u r: -.0:

nir Inv; -zounii.wY, vOOPii cat J1PI

tn~taI~zprio~tyncucCS~efl) ihtializePialityucueltC~ap);

if analln'frypc . '0 then begin

sn-.tlnv:-roumdlWDQArrylIj - ROLevcAjl)-rcjjPLT):

nuSkerOSr-round(PTT/lEOOArr?113/trctt 111) 1:

if ntokerOS C. then begin

for I-. I to n..brOS do begin

wtlyOS.Qty;.rounl(EOVArryl 133

if (PLT - 1a-1) - IZOoArrylIi/frcSt1I)l) - 0 then begin

day:-roundlPL? - li-I) IDOArryII1/frcetllI)) - 13 1 ;

Ins~rtPrority~uuc1ONeapwklyOS);

OS~ot:- OSTot - wkiyOS-.Qty;

osCur:. orur.r . itlyos-Qty;

cnd; (if)

.,nd; Ifor)

crud: l1t)

end; (if analind)

if uqirfi-taType - 0,) or twkpata7Vp* s '5') thou begin

wrztelneoutput tile);

sratelnioutputfiie.'St Diata Initial 044 In;v.* '.nitlnv,' Initial On Cider:- '.OScuri3);

vzut#lnioutputfzle.' -----------------------------------

end;

COlCui*: -anitmv:

ClFrct; (.urr;

RO.ean- : -r,:

reprInvest:'. 0.0;

Bopill:'. 0;

IflW: - 0;

AM: 0;

ciao: '.0. 0;

amoS; -0. i;

cfI'ot :.0;

IM- . 0i;

ODmot !-0:
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d Iq'ozAaICount: e;

I C .OtiCurr.Oscur':

toeI qTt1: . I to nabnOfotu 1.o6 begIn

I ' kfia tary I t Ehen begi n

vnenouyu.~iAt.WK REC DEW HC 00 014 10 OAZCNT Os? WiTt fzs':

':ti nvest:, 1;A:

wklylnveao:. 0.0:

it i(nna))nd'ype - P1) and fqi - 1) then

CoWuteofl IROLvelArry. tiDArrl. frost Red. flRA ry .stodeArry.qt r.

04)Curr. disaft"! s, dizposa iCount, qt rfiSPose. Elflype.

obsol Rat e. di scRate . nemt: &EMRRt I: Ess~nt I

if anal1ndflveT - I' and (r.Tt -I) then flfiAr'ylqta 4.0;

if (4 Pjtt.)) sod 2) * 0) and lanallnd'Vpe4> - 0') then

Coq-.teRP SQOLaveArry. WO~ki ry .0:cat Mkad. NflArty .skCodeAs,q Vin

uznttPrice,orderCost .holdfrac.shortCost.sa~vRat.PLT.

ots*A~ftt.dicRt.,n Yrs~kR~w' Itssent);

i f I f (qtr.)1) mod 2~ 0) and I anaI)Iryidtype - '0') t hen

fEfiArry Irt r I :.MAArry (qt r- I);

to, wkt:. 1 to 13 do begin

,AI y~eand;round nki ybbrvliat e)

.lrrot,. 'Art* 'fte eand

re elrt 1.0:

.AstRncv:.0:;

astW'ID . L;

whIYS.gty. -0;

wt )yB. Werek: -dat e:

wk~lyOS.Qty:.0;

fiagl!.FALSE; fl-ag2:-PALSR:

if not )EWtyPro-ioyQueue(aSkeap)) then begin Irace Ive)

repeat

if Currbek)kOSI~eac) - date then begin

atiucv: sExtactpty (06%wap);

I sceapt . -at Rece:

Oscur:. Osu-r aptR*ecv:

while lastftecv 0) and not 18vtyPricrityguue)Meap)) do begin

if CurrQtytWHeap) -. atRec then begin

atkh sCurrgoyla Iifap);

-tRecv,. stec - awtBO

BOCurt;. BOCurt atO;

IKfillm. WOit)) amtBO:

lISZ: - TWiT * )astk (date, - RstractVnt (RO*eq) 4);
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end else begin

fl&2- TWin * (atjrtett# M.'elral We

bCwzi:. &)Cur-t Amtpec

BOFIiI:- Wr~a11 itv_;

JAtft-cv: . 0;

end; itf)

owl; (Sail.)

OIwunr,-Owturr - nkit;

if tw'tyPa iota YQe*-lSNeag) then , ag: TUt

else if curriWeckiCOS~enr - dte then flagl -TRUtE;

until fl,-9I or flagi;

it vtiylemsand - 0then ba-gini ;I uet

if wkiyflemAae- OfiCurt thena began

vtlyUO.Qtya- k~lytienad - OC)Crr:

ONCurra .0;

lnsert PriorityOuewrSoueap.atly8l.

w'lot;-WYot - wkly~cLQty:

wcurr.Bocgrr - vklyflO.Qty;

end (fa)

else, Citcurt:. Wi~urr - wlilylbrmand:,

iP~ev.IP~za; ordea)

I if wk-13 then begin I (for wpaaierly SS

]K~urtz ON~urr * Oscurt - @OCurr;

it IPCurt - AOLnelArryjqtrl thena begin

uklvOS.Qty:.roimdRO~eLirry~qtrl . MD9UrrYlgrl) * Ourr

iwllurr, - Oscusr);

rarwnhes:Get~orudliI:

raindPLY;-*beI PUT. irnnorurat ioPLTSlTEEPLT))I

if randPLT - MSL then begin

randIPtT: -MfLT:

end else if rauadPLt NIMPLY then begin

ranbdPLT; M.?cLT

wklyOS.Week:-datqF - roundliaadFLr*13) - 1:

I oasi t Priori tygueue (OS6apwtlYaS);

OSTot:- OVtot - vtlYOS.Oty:

OSCurr:- OSCurr - wklyOS.Oty;

arderCoctnt!,- orderCouat 4 1;

scsd; (ii)

I end;) Ifor quarterly 3(4)

it wtlatafflae - *1 then begin

af (outpiut~ype . '1 nawl I(A mod tII - 0) thent begin
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H; ccn-

52: 't.in Z:) . OS Q Week: .tr~c:sc-:3 OE Q' Mr:

rece Ipt: .0:

If tklyOS.Qty - then

csmLO:.cusO*ui~imwlOoy*oicCR)ep nQo12dt)

end; (for week)

tnvcstgto lqtt1 :-thveetot: Iqtrl.qtolivest;

replnvest:. roplren - gtuInvest;

aamM:.caLSS . ItnitPrzcedsalvRetelqrDuspose*eq)ldascRste. Iqt:-I) 14)):

tolCostA: ry )qtt) totCotAz-sy iraI - cuBOD-cwARO..ClMc-cuwSf-

holdTC7ArryI'fli: .hold 'Ckrry Iqtr) * cjaK!;

order'TCArry l-zit i;omteTlrry (qo rI CURO

shoroNCAr tylqitr a-ont~tAnyluTttI cm=Wl:

salvTkArYiqxi:-SslvlAazy qtzJ - CuS

if 60oud) 0 then A~;7 fASlfi)

If daTot a then begin

MV: .7* i7Wibtt ? ,

SA - Wb t/dmdot.

qtrAlqr a-: trAlqtr! nUB:

end; (if)

zf qtrflatatype - '1 then begin

it lqt:.i) oz Ifqtr-H l)io. 20 O )tkue begin

wtaencoitjfile);

ViitcLnioutputfiler'fl Law ON IP CIS DO AMS AM SM INVEST DISP 01R):

a f 14ta I I) &MA Iwtliata~ype I AMd not'nqt I-I) s-od 20) - 0)

then begin

*iitelnI4u~tfil./Q9h DUD N IF 09s WS fl AM S USA LS DEr (I SP mJ' :
wad;

cnd;

if qtoDaoaIyp-. 'I th-len

vritelaloutptfle~qtr,:3.obnnr'vq-rj :t:O.ON~urr:b,,IPCurr:s.
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end: Itot qtr!

en'S: -Ostuza

ot4tsC: -aC.

sitorTTC:c : W

salvfl:- -. ISSA:

pr r 7 nt header Iprbrkft wedlnrv-: ntqger:

nIV~st., numirs, rat boPL7S7UV. vnsibainand -var~mand ± real;

vat otutile:text;

otmfptl'yp.diSt tl~Yw. fwQanlndy:nhr

outpileNas string; nmfLerscript :dsscrzptTyre;

.irstqns. nbrtrnds: intger:

ztefllult .tirtnffty@dVlpwe :ctvangeeaArry.

errtised.di it rUsed. analUssd:st ring[ (7

Tear .IMcth,bay .Dayotkm@.oektdn:

A025.BIO.o~A.520.023.3230m55S*5.mSu.Mel.bD71.Coo9CJbc2St

NSWO.SC.Th.TUSS.fllSR.V022.VIOlA,V12.V034.lf: realj;

PtW2strl: strirtgl24j;

Pt*2stz2, Pfl2scri. P*42strt. KC62strS, P0l2stit. tM2tz*7.

Pt)W2tiB: strzrmgI2SSi;

begin

distrtUsod:=' poral':

if distryypo . '2 then djstrUsed:.' Poisson'

orrulsed;.' uSC?

case mn'per of

'0± erru~d:.' Noie':

2': eralised:s'Mvt Run':

'4: rrtlsed:-.' Mod NB';
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case ozue:'f~xO

endl: I casei

if wutr'tlyr* ' then begin

Witen oi" tfile2 Pc-el FIC CIL^te '

vtitelngutptfiloi

%n ;tlmupu ie iescirt inn: nbrit)

oritln~nit~;tils. 'Initial simrulatiort settings;

mnitlnrotrutiij Number or qaTrters to simulate: tm~o~z:

wiiter'*:utpufule Number of replicationsz of usilariorn to ruri: ts'rltr:

viitcln1.itpurtfulej RaatM number gerieratoi seed type: .se*itvpe}:)

I soorrnw - * I t hern

nxiteinoutputfile.' RAxicia nmber seed start invdex: tcdoe~)

.ritln. outpotfile, Economic Retenti Modlel:'.*rjc)

if nPrrp . * t hen

vr Ite.lInlIoutputfe I taINuber years economic retention oied: '.nami-sRlA;b:2);

writln ot~st fie.' Instial Inrventory Typo: ' nlle)

if ainallwtoyy w 'I then

vi-itcliwocitptfile.' Numabei years initial iventorv: tz~sI~:I

i-itelnlotutrtfi lip. Type ocI itisard d4 st ribut i on: distrised);

uvrxItel njotputf 1.' i'Man Dsman'1 '.eantesaird:tb:2

ciitclnloutrntfil.2 Var Demsand: 'vr~n~:)

- site.lIloI t P.tfIlIe. , ic ofrer. steps:'.mits:)

if remkrSt"p '0 then begin

foi 1:51 to rimbrStep bD begin

wtitclnilotputfile. ' Step: 'i2'step QU±* "Wattpll5 ut; .tiutu~:)

emd:

enA: jIII

ntitelnlouitrutfile., ' fAmber of trends: .zabryiends:5l1

it itei'Treirds 4- then begin

for i:-l to rirrwetics do begin

vritelnloiztrutfllW, Trcnid:'ij:2.' Start Qtr: '.StarTrmllij:4,' Stor Qtr: *.ew ttflhl.

Coeff: '.znreflib:2Poir: trnpiqil~~

end: (IfI

viiltloiitpiattila'l

if oitput~ypec . '1' then begin

Nit ToCont:
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dii~enc-Jt.U~fi.. i nitia: aae etnc '

assign !niewli~i2

reset ijnfile);

-Ai~nf1ie.PVt2strI. 1PfA2stz-2. P@tila.Pbs, 4 li~t-.Pi~t

stTW:.tupyjPq2trS)2,S;; 2S..tj4r*~j(tTW

st'Ter~':-Copy PM92st:2,410.15): SM8.ScngrroRe1StTep::

tr~ee':.cony InrlstiS2.121.15:: RT23lStrng~oRl 
2

liriip)I

st es:coy (PV62str2. 21l. 15); BO5?:.StingToR*.alI(Str7ew )

st'remp:.cpyPrw2sr22. 15)1; SO59,.trrrTofeal ISt;1'.mp),

stileTw~;copviPti2sftrJ.It.l51: h02:.Stiingrrokeal iStrTew.):

stfrew:coryIPDB2strJ.ltA.1i ; CIOSC:Sta-:ngTOkeal lSti~emp):

st1'r,:acvrypvIfU2sArr.121, IS): DJ025ErSti.rtRelStrTem);

strTen.:-ccpyipf*2strS.1315) NSOl:.StrtngToftealIStrTee'):

strTrm:s-copy I PDt2stt5. I911IS):; rR4:StrinTotea(Strom)

rtempr-otptileir.21.I Th:.StrirgKinoRisk1(,Vt22:9:2;

s toeur;-otpvtflPDe.lb.5 V022:-St.rrrrg motheali0trteec);

strteq':.co)'yutlPlestitlfltrl L VIIA.StrG'iofteali Sortatr'1ew );:2

st's.co ltint-.11l) Essential ngCoK:ea, i O Lor'.s20::2)

sz tlsr:-cPytlbet.lt.SotU V .8051:82. ngOofteai:l'trteq'l;

sn-ite n loutputfi) .It'); z'B5iR2 tz ae 'SC::)

writeln loutptfil*.. Diove BRe '.9061:. T in rsf : .V02:9-2);

writein (outputfile., Unit Pric '.BCDS::2. Today0 DT 'TRD:U:2l;

neritein Ioutputfile2 . l RaiteY ON salvfteO:W:2, ' Proc Seth : ' ,2rat oFL;~V:8

wiltelon i ottputf:ie/ ... oc....- .... . .. . .. .. ......................t...............

ifuto otputp -fI'en bsena :*COPr2 RI w .3092:

writl otpiflMgSttrtOuu2 ROCrsi V~r:)

riritduen iouPrzOtle 'nt Yr R;trastis1:6 mad P1.?ry Sf0KU:.rtooltStri:9O

Viieiiiototfl................................................



SSADD&,. SS",t3 SS$Q cluart.nAs bay;

Val st"l'ndAt-iy. trtdltciAti-y.tikCodeAzi-y:li lntAt ay:

n-hflbeOfQtr.-. nit In..et± i nteger;t

out put Type: "~ti8

Val t : tF'egei;

begin

nit In loutput file);

w: itelnioutrut file, 'Replxc.t ton Numbkez #No

h1tlte In( ourt fytI-);

wrIt.eInfn1r11ttle0De2/8n bn.)

tot t;.4 to mmbezOfQtrs do begin

if (t-1) ox Mt(-I) mud 20) - D~ther begin

it (output~ype- P ) And it -i) then MitTo-:ont;

Vt itelnroitpun-fiiej;

tritein ioutputtilej'Qf Ow2 71r HL Q R/0 ADtIC ADD) SMA NY ST TX'):

end:

EDQAit ltli:0:.ROLeve(Arryr]I ::O.

SSADLOO~tI ;8:2.SSADOt :8:2.SSS4AfcI:t:-2.mkCcoAtnry(tj :3.

ateplIndjkrnylt) ±J.trndindLiz-yjt]J2):

end;

it outputTyp- 'P then ItitT*Cont;

end:

procedure Displayfteptats lvat AtlitO. AMD. SA. Invest. totCosn~real;

vat orderCaunt diteoa Iasdi soa I CoutedOt , oewJOS Integer;

outputType-char I

begin

if numaberRep . I then begin

w telit(outputf ile)

ilteln loutpnattile,................ ................................................................

writelnloutputlile..Replicaiion Final Statie'icuj;:
-nttelnloutputfale' Nuta ADOW~ AMO SMI 0Mg Invest IndOt EndDS I TotDsp TotCost');

end; fif)

vrttln(oututien abrerR.P±4PnrIC:.7.;62fta:M6
2 decoutb nit

endCM~b~enhkSstibduposlCot;6,didpo..ls.
7 ,totcost.I4 .

it numfiberlep -numbet~tleps thin

vritelnloutputftle.............................................................. 
................

if outputlyre -'I' then begtn

delay lSOO);

cit-sot:

end:,

end:

pr>cedure tmotatst~ar currNean.curr-var.aWlesa:real;

var saqlIlntzinteger:
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elsesa'erale;

it nubtep-I trien cwimieat:-sampl.

-Ise cui-tNoan:. :tr numsjetre. - 1) *cra!.ar~ nrbkn

It mabeLw Rep. -2 thnen cult-Vat: * 0. 0

else ciirtVAt It (numb&]-lter-2) Io IdVahi )- nu~et Pep'-. 'SORicirwa.n;)

it nuabie:rej- 0 then contflnt;- l.9b * S ftfcux iVai nabez Rep)

elI" cOnflnt:-O.0!

end: irlostats)

p1 oc~s-ut DisplaySiuStats Ivat uikD~AOimmtS.n~.sterA. ominvest ,SneTotCost.

srmet,siatn*tS.ciADDBO ciAlif.crSN4A.crtneest.

ctTotcogt~cOrdecount.lrials.

outputType~char:

hourl..mnutel senrdi .hdsec1.hour-2.ernute2,

wecon02 , hdsec2. word) ;

Val rpUb*Wo unrti, upSA. up'I invet , uporder-Count . uti .poesa Isa. upD i po sa I coint .

IwADEOOD. IwAMI, IwSA, iwi nvest . twtirde i ownt. *lIwi spocsa, I. lvi sposa ICoutt.

iindwOH. lwgnmo. uplstCh.uptnfl: real:

beg in

I urAIDiBO:..isr4 3BOe ANJIO,: lstAIXJI: .@tAtCSO- caAfW;

urAf: -simAflQ.ciADO; OvADiD: -srvAlu-crAlV;

upEncKI; -*zuEnd34.criindiuj Ivw~j z oi siEnOH -c iEixM;l

up~ncdDS. -sars EndOS.cuinfS: I)vEafl3S:2 1 =sze tS -c i tietig:

uplnvest:.statttv*st.crlnvesC: lvlnvestt-Erelflvest-ctlnvest;

iipkrdrrCount :.2 rrCOunt cjirderCoUnt;

I .0i de rCowit : -awi PO-derzCoun - ci Orde rCount;

upflusposal s: .soirsroal.ccdisposals;

upti, spTa I count: IDStrpsl~utccjl sposstCount:

lvO'r sposalcount : -stein osalCount -cainJ sposalCounrt;

if lwAfOWO . 0.0 then luADO!-D0;

if IwMttI 0.0 then IwM 00

ir lvwSA 0.0 then IwMA:-0.D:

if :wznvest - .0 then ivinvest:a.sU;

if luordercount - 0.0 then lIirdercount-s0.0;
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IfI !ii0 1 ".a - 0.0 then wicss:.O

if AWO% -O. the'tH..G

wtine'lnfoUtrutf1,lei;

,wi iteli oatp~tfi)e ... . . . . . . . . . . . . . . . .. I.. . . . . . . . . . . . . . . . . .. . .

wtitelnloutputfile.'Simwlation Final SnatisticcJ:

m-itelnjoutputtile,'Final Means anM Confidence Interval 145Wp):

wx it*1ioitpitfil** Mean Cl*);

wziteIv.1outs~tfiIe,- ADDO ssh;l:,Atif2;

-i ~ ~ ~ ) :tlin'u fr, .f~ *Ai: lcA141: I~Z

i telnioutp'~tfie. Iik"EACOtMT 4ssieion:2:2.c IoileiCount: 12:2)

wi~teInitoutfput!fi Ie, INVE5T.itiys:2.ihatl:f:

un itehnoutputfile. EDINGt Cf 'simEnitH: 12:2.cindO)4:12:2):

wtlnbirotntflie. ENJINGCCS. ,s.En'OS!I:.iE'cS2!2);

wi iteltiloutputfile. DISPOSAL COUT tsmlsosl n:2:2cilisr'salCoutt:12:21;

tiritelnioutfputfife.* DISPOSALS tssipsas1:.oDsrons:12:2);

writelnboutptfile,' TOTAL COST .usimTotCost:12:2.ci~otCost:12:2):

'ertlnioutpitfile.................................................................................. 1;

.criteln(output file);

wiiteln~oiitputifIlerSim Start Tine 'hul''entliscmd.:.isc)

witeln~outputfile. Sis Knd Tie hu j:.nte.:ocod.:'Iiec)

if outpatType .'I then HitToCont;

end: Idisalysiastat)

pi cedre i way~r~rys artotcostAri-y. holdrChrr-y. order-4Zt'rry, ERA~rry.

shotrtTCArry saIvTRArry~equartvrArray;

numbeiOtQtis: integer):

VAR qtr; inteer

begin

wi-itolnioutpttfile ........................................... .....................................1

writolnioutputfile);

w iteln~outputfile.? Quarter ciulative costs and years MRR for graphing');

writelnioutputfile):

writelnioutpflfile, Qh TOTAL HOLE ORDER SHOW? SALVAGE ER':

for all -* I. to niber~futrs do

writeluifoutputfile~rtr:4.totCostAorylqtr):12:2.holcnAr-ylqtrj:12:2.

oider'lCAziyiqtzh.12:2.shorttCAi-ylqtzj :12:2.

aafvlTArrylqtrj:12:2,lR~irylqtr 10:-2):

teritrln~output file);

writeltoutputfile,' Quarter SMA and Invest for steady state grarihing4i:

wi telnfoutptfile);

wriiteinfoutpitfile, 'OOM Sm Invet);

fok qtr x-I to niaberOfotra do

end; (clip~ayqtrariay)

begin (main)

textcolorf 14:

stori -rALSE;
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cut 15-1:

not nr:-O:

i A.in'Sedry Iseedhry

Front Scren;

Runtyped ti'p utourewbtyectiPtayr.Pkrlru

icpstatType. IRaTyrre. anal Inrefype nusberofgtis. nst~bakfjWKs. ntbei1tftep.

see! niex senpean'.va Deanr. nYi ol. ntsZrskR inpt! file, output ftile.

tinst .mvtdsndocut FiI#Name, ruttL*Scitpt I.

Art

en it# loutput f ine)

Ce-ti eI houit;.stouteI.eCo'hSeclI):

tot nvsbei~er :- to nuabei~oT~ps do begin

i f seefWyrie ' I t hen beg in

if nueber-Rer I then begin

for 9w. I to seedInee do crs~zCtetedctse)

$etSeed I curi'Seed):

end (if)

else begin

cuurIseed: .Getflestsewdl(cOIrzs5d);

Set S*"d E curri-el):

end: feintf

en if)

tnit tal iseArrays lobser. ,EOOAr~y.RCtVeIA-y. SSAflftSO.SSADVSSS4A. EaRArry,

step! ndAriy. trmndwrry. skCodeArry .n ibertof t s.

niabeOf~ks. nttabersep.meaweemoand.

vklyoeerv , mantmdArry, varcbctrry t ot~ostArry

hoidMcArry ot-derrCArry. shortlC-Arry.airv'Mhrry.

inv*etgtr .qt rUM),

Loa~ibsev I obswrv. I rest .mad ,wklyosrv .eanIDa~rry .varbmd).i,-y.

obsei-v Vre dz st r'ypt. nuaberOtgt rs ,nuterOfWs. ni aierkep,

* iCount t a endJ~stROtn. nbr~teps rambrerls.

meaoliiiand vartiemand. input tile#, seedks. start step,

.tartr-nd. endtiwt.sterault, trendcoaft. titn>owerl;

it ntiabei'Rep . I then begin

it steCcnnt.l then !nitPO62Fike lprberkPt.nivrsflMA.salvRate.

nustrxf. rat ioPLTS WJ storRate.

pbeolkate. dis~aste . nt Ratem .ulkesent I

PM2OEdit tjprtifrtPt .untPrzce.. orderCost .holdirrac.

shortCost . alvkate . oyrsOHl.rat ioPLfl UW,nua~rRRII

stortate. oboiRtte. dscRete. ml Rate .milgsnt ;

end:

it nuaberftep-I then P i nt Binder (prbrk~t . eedinde-x. a. vkat.. nisYrsoti

r~at moPLTSlDUJ. eanflesand.varbeesond,

outputti le,outpnatType.dietryi.

tRlype ana IInflAe., out ?It 10mas . afe irt,

t i nidoef ft rdkpowr, staurt Step.
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mtCode*Arry. numgtrOfftrs. prb~kPt. mea&nflesAnr. PItat ayp#)

it PDtaaaTyp-'P' thena ttrplaiyl~t)utput (obs*r-. frost, "M. EoQ'Aiy.

Robevel~rlrry. 35AZC0. 't'Att'.

anl~~~levzan ~ ~ ~ SMA ta ntr ,e iCst. rIrdar sht todds .

crdrT~ry~hot'~rr~slv esryinodetray~nut-.rtts ntt

it iep~tat~yop - 'I' the usos. aoptat tAPOt.AM Jnh a.tt's-

S~4 O3Har.Bttep~w5Y~teaVEOQZZY Ortvd~atcbsuV. tas.I'

orderc rr.; shortit5rry.0 altui~ry, nvet!-tt.lt usiE.,r): -

Do~ttal oint 'tqMonulcaut cnOH

aOt aabrAp * 1 hen begnoncitnubrp)

DSatat o oto: Va.At:oint. saaSHA, nut.o;le ealve:O

DSptiCinoUt :.Q.O: et.inpostls:t.: ssflestount'-O-O:

WSitrdals :O.O: os hoatdeC6o: a.SalvWO.~,o;n~ir~nCu

fLofttatfsaaisi~tO.varfll.W.noRln .CIACtnaber~umber):

DoStatelssmSEA~srS.SaiTntolt~ctAstnoln~er ~ otep):rRp)

IDoStaotslsimlnves.varlwt invest .no~nt.cslvestnrmirRop):;

iotaats I saordvrTCsa.rOrderCosant * nt .OrderWnt . ttrRcowit

oGSt at: suaqosal svarthot wrols.nl Daw osahs. tta psaia nabr) p

Dottatslssaaot v~oSt.al'otcosltRttcstnolnt calots.n werRep):

end: Ifoal

fat i:: I to nuaket~f~trs do began

a netstOt r Iaia sa west gtr a! aInusbeatf Reps

endl: (for)

Cet T l*hous2.sanut.2.second2,hdSec2):

ttlslytamStatsiesNSOD.os.AW.xtsrSA.saulnveet .sssOTtCOst . saunraeaCount.
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ciADD.ciSN,c a invest .ciTot Cost ciOrderCount c;iiqosalIsa

,., D aosI C ...t.ci~vrAI.ci~gvIcSoutrtwr k,h-u,,

stouteR*1.3Cn. ,eoM bfl, 1 hout 2 5; nut*. seconA2. hdrec-

totnt~, ; I o n.merofQtis elo begin

ordeiTtAt i tiunOtrl : -ci e-lr-Ajry InuaW fl/nhu~if Reps:

,hotCAaziy 1nut z:I: -shorYArry I rumt r I /numb* -Of Ae";

sa~vf~rr-yjnuagtt I :salv7ft-ylnu.Oti tnusberOf hops;

KARAt i-v nusot ii -ERAryfnustz ti/ otbe-Of Reps;

end: ( fog)

tttsplayiDtrAi tys ttotCostAtiy. hold~TArry .ordez-lICArry. ERRLArry

shorTrCArty a.%IvTRAz ry .numaerfCQt rsl

close Ioutputfile);

RunAgAin (outpu tfile~runitsctpt~outntTyp.ERWType.stop.,

ntsYtsERA-ot-t teH-eR

until stop;

text co, tIS:

end. (main program UICP-Bimulator)
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Unit TOOLBOX;

psoc4jae ot d t.,b n.-.1put. -t .-

lote ruiceut

Uses CRiT;

VaIt strTlnP:p'T2f ir:

functio I . t -AAwr: boIe.-;

riocodut. KItToCont;

function NssToString tvar value:realh:ps2tield;

function String'loReal (var S;tPd82tieldf:rval:,

function Get-Longlnt (ioyhigh:longintf:longint;

lw'Iesentat ion

function Get Anrt; (Retutna a Soveea result for a yes/no 'rervl

Vat Coat In:Chat;

Corect :goolean:

begin

Correct:.False;

ChatIjo: Readiey;

vtite lChatiln);

case Chat In of

mottelo i-T (esf ;

Correct -71rue

'lv';

* ''n' :begtn

wmittln (1

GetAsower :-Pal Re;

Correct -T.1rue

trnd;

else begin
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Sound l ..2 0

deVlay 30D%;

N.Sound:

wlltrio I- tl-ccnzb.An&

witein I*Ehtcz 00' N4.):

Con; is.)

,tumm: -It *Anani

pioce'inuint9* i~~cnpu ewe;O nlhg.PO niloei eevd

U.'2  nume rrg tig il

iuot io e..Int-e I lho in~ih tgiI:itg

VA nmbitringsrngll

idelan (300)r:rig)

vatinhaei t0- Inai lue, e-trrr); teer

ind esif Inmeauelo)0 nwaaI&hi) then begin

writ sin;

soui22l);

delay (300):

Nosound:;

wiin 1,1 Invalid ne entaler an tb stv integer:

cow else ifet4 'nb~low, aon) o.ig. aEtalnmb)en bgi

end~u;

uintil error-C:

Get integei : -ntmarVAiue;
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axi longint in-'ut betwen lno AIl high. rzc'wts until one is zecewved}

funct ion G~t-Longlnt (lo.hih: lo~nt :lo-gLnt

vat inhwteiatting stringlll

0i-i1i integelr

iambervalue: longint;

beg in

ieAdlr. :numbeSrr~ngl;

-- I (nuribet't.Ing. nuat-eialu.- -Wto

if *1101i - 0 then begzn

wi I t!;

Sound 122 01:

delay (300);

NOSound;

write (IIII nval id number, enter an Integer:

end else ainf brau.lw or lneiberValuehighl then begin

Sound 1220);

delay 1300);

NoSound;

writein fi-- Invalid Range - valu, must be a 'oalitave integer');

write ( bet,,wen '.low,' and '.high,, Enter numiber:

end:

wn II etror-0:

Gt-etjnglnt.n-umberyalue:

atij: j funct ion)

)Geto a real value between loiw and high, prompts uintil one is received)

function Get-Realllow~hrgh-.reall real;

vat Nrotet-String:string:

Error: integer;

beg i n

readin liamberString):

gal ))umbei..Strrng. thsber_.Vali*. Zrror);

it Liroi - 0 then beigin

Soinndlf0);

delay (300):

writeln (- tYou must enter a valid real numborlb2

end else if )fasberyValu#- low) ai lkumber-Value-high) then begin

yrit. In,
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Nla :Z--1:

titltrzo-2our

-R iel -nai Iag I au as eaia au

otiinit -;

cont igis t

St. valu.;dugatS:dectas.,S)

t0) i:.1 to It do

if SWf - , then slik1.

elI- if SI* then delete MI):.j

ThmostI Itoo: . S

functionm St:;ngTolteal Ivalr s:pdF12ftied):,eal:

vrRI. AS2: re.l;

Si ttring 71:

52:at ring il I

erroi. evrrr; integer;

vat aS 12 ,i2.i19ORi2)

End. {Unit Toolbox)
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unit unirand;

Intelf. fac.

Cyr* . edtrrv Vp. ar-ray 11I- 0Il of lo*2int:

Vailn~.sriir:s'~-yTe

pkl Criu:e et~.tsAinz~

funct ion Gtcdlongint:

function G-tN.xts..A Iat.dloit~o ~t

function Rnotnft:~1

procedure rand1endArry (varudo r:unwrryeI

function GetPoisoover seanD~eand:re-AI): integer;

funct ion GetNormal ±;eal;

function GtGeoeeriticfpireaI :ntegez;

funct ion GtN. fomlntl(high! innoer):mntagwr:

funct ion Zlo trr alrel

functi&.n ZPdI tZ:rcallkreaI';

functi&on ut~orutal (Z:realJjreaI;,

va1 a6iogint;

procedure StSed I fled; lonint 1:

begin

envd: (pa ocecknle)

funct ion GetSea-d: longint;,
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began

H1ot-ils -iorjit.214'815:

Ha 15±.!, div B2It

Lcnayad:.-(Zi - N.i15 - 21) I Mult;

Lc dSa-Loqrc day B2916,

H4il:- HiS -Mlti% . LwIS

OvilIw:-HNiJI dy 2c1s.

Za:-lI(LDWMa - LAwJS - 2lt Modiu*)

(H:31 - Ovilow - 82R151 - 1I2911 * vflow;

if z 0 then Zi'. Za . PHodus

Qvicv;. om Mii di Mid22 2%1.5;1771%0

fttion GetflextSeed lastSe4: longint) : ongint:

Co'kat Haextnded-214748i647.0;

a:esteodled.715.0;

ba extendoed. OSE .0

c: extenrded. 1315 .0:

Val Z!Ontended;

begian

if lakstSeedO then begin

Z:.1973212)12. 0;
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.indi .1 b.9In

-It: Z-,on u'ti.-. N

:.iRZ .1:

:IZ*roinIZ; .fN

*rvl.{rttmi.h

function Cetwoisganiva.i.nhndrlentg:

vat air..t. UI%:r"i,

begin

repe*at

V:.i 1j)wt: V)

util : -n.3n to.0 ;

Y:c~T1:-t'1;1)P)

et Ptior5500 ± I

funct ion Gtoml:el

vat UI~e.U.L2WYrl

begin

repeal

01: -ai~ku for0



U:.Rnoinfos

end:

tanct iQfl Cet Negli n: ia Is:;nget jI nteger:

,-i X. : :In

beg i n

foi i:.I to s *k. begin

en:

fun"tion CetE~iforulntlhigh~integerl:integer;

begin

Cett~ifhorwlntt:.oudic(high-] n..swcs.Unifo...).1;

f unctic-n Znt (Prral):real;

vai t:teil:

beg in

end;

function ZPdf (Z:reAL):real:

.bein

ZPdf:..O.39S9ivxpl-(sqy(Z)/2R3;

en~d; I zpdtJ

type constantAr-y. itpy (V. -3) of tea);

Val Psutd.QobJ :constantAtty:

Psohi[l) .242.94r1%523o53j75.*
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PsutJ II)J :-fl 979kb Ilt I824152;

Psubl!I21 :.tb,
0
Ot38J4kfeb14113SS;

PsublI I I -- 0.-0 2StO iW4 370 1 v15 3 9;

Osu u121: .1 S U 427-t 3011 7787

QSIw 13 I .1 .0O0Q0O0oOOOOO;

SaPuni-.0.0;

siumvbj: .0.0;

X:-Zai~qt (2)

if X QA0 then X:-o.Ooooo:;

X -X 0.0 then X:-=4bsiX);

tot j:- 0 to 3 do begin

sUMPsubJ:-SUMPSub . P.Saubjlf expfc2j))InIX:

&0D'OsubJ;=iQxubJ - QsubJj] I expII2'j -lnlMl;

';d for)

-,;- uuJ/suAQsuhj;

efx:XIj4IX:

'if Z 0- then utNoimlx.1 I ;11.erx) /2)

'435e utNoo-sai:.(I1.#fX)I2;

end.

end. (Unit Unirand)
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unit PDUnit:-

ussdos, ct toolbox:

vat rnbfltkPt :jt~t~t;

unit Pirzc..PLT,oi deCost .holIFteccxhoitCost~iealI

y'zoceduie lnitP:02F:il (vat ptbflkPt :jntegei:

vat nussER, SalyRate. nuYrsOH. ra oPLTSTrt*,stozRat,

obsolfttedIscxate. nnffatseilEsset :realf;

piaocedure PDa2tWit I(ear ptb~tkPt integat;

vat unitPrioe.PLT.orderCost~lioldFrac

shortCost. .savat.nYrO0d.

r'atioPLTSTE*6JnuaYrsERR. stor~tateobsolRate,

Imtlvzwntat ton

ptocedure InitPtI2rile (vat- prbtkPt-.tntgt-;

vat- numsYrsinf.salvtat*. nmYrOM. rat xoPLT3flMt.stoftate.

obsolftat..dz~cftate.intkat,mai]Bsnnt:real):

vat AAC,AL.f6lAB067C,C2.VLI.DhC.D254.dI.724.ROI.ljLI.P!.RII.R0.

YR7PQC,g 006A 10065, t0Oitti. VUi : char;

1t120. PI14JR ;string 121:

AU1235.MLLIC.S0lO,BOlL&.B0lZF.E3I9A.3020.S022C.5023tt.B023F,6023443G055,

Hal4iI.44012.H01413.1W144.HO1l1t.140416.11014l7440]1,H4419.HO!420.

ILA, !NECY.HM)NQCAXJ.NSLO)ALI.SLGC.SFIDR7,080. P00.PPV.Q1, tRTtfr.IYAYAB3Y.

RS-V.rrR .53044 .Th.7sIM5.VCISRv~leV022.V039.V04 lRV042R.VO4JR.V044.

Vl~lAvlo2 ,VlJ4 ,VlI,V2q5. LILT, LtLT.FCRJ .QIB.025.PSASTS~t.YX*EIQIWt

APSR, ARCl FaQ. MI, * RLLCL.SAW. ARPLQ.SRO. 5014A, B0.I 9 h. lB02l . 021A.

LMR~~txJ, (tCI .POC. PPYW. OPZO.RtCI .RL4Cl RPLCI ,RQCI .VPSR real:

PI:O2stz-1: stttngIZ4j;

PVO2stg-2, ptt2stas. Ptte2str4. PttS2strS. Ptt2stint. pDUstt?.

POS2sttr: stttngl2%SI
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fifliltiAtion VililCst

A :-N' AL: .N': BflO
7
A;'i Bf'o7G:='' C08: .'U; tLRLItl Zx.IC:.

POPi:.Y;' RI:.'N ut:si4; YRIP0C:- YO0tA:.ol; YOtlS:.N':

A02)8:- Lf0; (syste" requisition averagel

BMW: C-5.t0; (basic reorder level distnibjtion code)

Btln;.O.tt; lcontiact pro) lad time)

BGilA:.i.O; icontI Act pir0C lea') ticei

BUlIA:.20.0; (non cre') grour PlOC variance)

B020,.i .0: (syst#. -cor.. level low limit qry)

BC21),: .l.Q; (gross sys demand end of leA risel

SlJ!C:.B011A9023': (gloss sys les~vnd dluting lead ttmeg

BI023F:.00: 81021HO.0: a>:.o.t;

btSS:,I0.O0: (unit puice)

BOSSA:sO.0:

BtS7:-0.l2; obsoiftate:.8057: (obsolescence ra.te)

B05@,.blO.0; (manufac set-up css

B0SSA.0.0:

(discount rat*)

B073:.1.0: (expected units psi iequisitzon)

8093-.0; S2s0:.a.O:

Cuoac:.O.5; (average item essentiality)

OOPTC-.0 0;1)2Cr-o .0:

1025E;.O.t; (procurement method)

Fo04:-0.0: HOtt:-0.O; Htl4l:-D.0; H0142:-0.O; 1t40143-0.0; H0144-.0.0:

K0145z-..; 80140.0; H0l47:-O.t: H0149!.0.0; K10l49:-tttC H0l141i-0.0;

1101417;-0.0; H01418;=-O.O, U1410-.0: 1401420t-0.0: 1t-.0; ZKrY;-0.o;

(mark code)

INQO t,-bo; (a order qty attrition qtrs de=m)

HSI.QW: 9.t: (max nmbter safety level qtrm attrition)

NSLQ-:.0. (sax number of safety level qtrs demand)

NRFIDW:.0. 0;

O30;.0,0t; (nont-parametric Order stat qtrs)

('Og.-O; (Past qtrm demand)

PPV±-DV2JCIBOIIA; (proc, problem vat met))

ow! r.0; (quarters demand history)

RPIIWT-et.O; RlyAY:T.0.0;

RLSVT.O.0; (requisition site variance)

fT:±.oO

XR,:-0.Ol; etorflate:-ScR; (storAge cost rate)

SSM: .0.f.

ni:.93JOOLO; (todaysz date)

TSt*S!-Qoos; (timer betwen Stirs in qtas)

ISR;.850.09ilr code l Ad' 2 oader costs)
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fain I sk)

VO42:.192t.0O; fnegotjate.1 uocureuent order cost)

V043R:.1740-00: aerts1P:eoureewnt or-der Costs)

V044 500'I feax unpricod order cost)

VlOlA;-O. IiScfi.t-:VlOOA; lprocurernt interest rate)

V102.0.(sa risk)

'104.O .00; j Sho t age cost)

V20:.0 I:)rea~rtie preferen.ce rit-)

PRWQAL; -.. 0; fain order qty attrition Ttrs de-ind)l

AFVl9:.0.0; ALRC! .0.0; BOQ:.0.0; BR!.C:-0.O; BRLCt:-0.0; BRLQ±.IL.O:

BRPW:0Q.O: BAQ:..; BOI4A:-GO; B019:-..0 50190:-D.0; 8021:.O;

B2IA.0.0; ERR:.0.0; W*ItiC,.0.O: IXICI ±-0.O: POC:-0.O; PPVBDIO.0.0;

P2(l;..(.0; RC:-0.0); HLC!;..0 RPLCI:-O.0; RQCI:-0.0: VP.R-0.0);

pi bzrPt : -0

r at ioPLTSfl*J:..5;

znf~lat.:-0.0;

ali Essent:;-GOO9e;

r,1112.trI:. C. AL. 800lA. 9067G, C029. DALl. D0lIC. E)120. 0112544. ERR!. P024.

44001. MARL!. PVPZ. RI!. HOc YR7POCt TOOSA. YO0sD. EOQIND. PVUI.

MtIN2sr2:.- NuaTtrinrgi(AOR) + NrmToString!SRIAC). huiaoSt ringf9010)c

NiufStiingIB0lIA). NwatoStrir~g!RO12) IKuwtoStrirqgeOi9A).

inusToString 19020) * Wa~roft ring 13023C) * lbWOftring (3023D1.

NuaroStirig (A23*1. NUMToStrzng '90231)1 NtxaTeStaing (BC).

!IurToSt ring hBOS) . Nustc~tring-T055A). i- ~ rurjB5)

NumTfltriinq3 059). ? TuoSt ring (0SA);

F002;rtr3?. NIVAToStnsngiHOtL * uao.t ring48070) - )umToStringf5073(

N..rost~ng~0031 Nn~r.$ringB290. %S'rringCOOEC).

Nou;$ttin IDP C?* uinTotvingIV)LT') tke T.StringVftO2St).

NvmflroStirng)7009) * NluMTOStzinglHtJ). NwnTO~trhgrg)141141).

Nr~m~ottrrirxolo). !OrJ~oSttirrgINlll4ll N uSTroString 8t1441.

NusTuStvozii4tkOl45J. fluaTr'tzing)440146);

Pt;52st 14;- NuwToStoingIfHQl47) NwrTo~tr ongfHt!48) Nuaimo$tringlHOiSQ).

IwsTo.,tr ng)H01410). NuaTotng(HO41lI). tfuocttring)H~l412).

NS'r.',StiingfJ4o!413) * Hwnyctr rrgl(l4!4j. * uatfOString(Hs1j4)5l

NsmwTOStrrrnjliOl41t). NusToSti ny ngI4l417). ?4.sToStiing)140141V1.

N'aToStr tg(HOI4IS). PNrToSti ingW0,14201 + !JusloSttirrg)ILA),

N.~r.$i~~UN~1.NuTS'tostrgisl;

lOJO~etrS. tJ'aIttigWHwpQfl. NuaTostizng)NSLc$U). NuWI~Strrng(IAlOO

NuamToStarnlHRF!IRT). IUrTOStringlosu). NueToSt ring(PW).

NsmToScting)PPN). MuToSti iglQtihl) NuwToStzin(RPIfRT).

NuuTo~tnring)(RIYAYABY).+ Nrs'roString(RSv)c tI.JsrStoing)HRT).
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NuuTo~tz :n;!S.CP) . Nur'yT:n g (5SCH! - Nwku-ot ii tl

NusTot ring CtSfltS- NuwToCt i Ing vO I5P8I:

Resz :: NurtoSti~ng:VOIS}. NueToStzinqIVO22l. Nu.To-rng(VOIQ.

NuTortiing(V041R). NurloStz-ng(V042R). N=uToSt:-;ngA"O43R1.

NurTc'StrifnaIVO443. NUMTStringrVlOlA). pitsToStaing;V1021.

tluiaroStIi15g1104)t NuisTcStlinglVlG8). NuTo,1tji ngIV2QS].

NuinToSrzilng(LILT) * Nus*ToStz-:nglLlLY). NuWToStrzngrPCRJ).

NsTt I IgQl 1B).- NhmToStz oIQ12Bl1:

Pt H s tr17,- NuwTct-sing il*SA~rT:. NutoStrIi ngciSPI- MuaToStri in:IYJI.

NumzToStisOgiIJQQA-i. N'aTtizngIAPSR). NuL'*o:3tr~ngARC.)-

Nurc.S,.niBO).NUJTortxilngBRLCE.- NjnToSt IIna iBFLLtf.U

N~haT'StrjnqiBRLC0 . NumToSti:nciHR(PLC). ut- ifoB~

NWTOStjiflQb~i4[Al NusToStting(80)
0
1. PNualoStuingJB0l'iS)

NupToStiing(B0211. NnTfltiZ1i81AA;

Pirn2strtl:. INuToStringlER). Nuwl'oSto-ngIHNtD). NuaTo~t ring IQCCfl.

NusToltring(PCC). Nu.9ToStringPPVONti). Num'roStttng(PZO)t

NuaroStiingIRtCI). NmToStringIRL.C1l. Nu.ToStiiniRPLCl).

NurI'otrxrg(RQCI). NaTSt ringl(VPSR);

assign (ufl~d~nf~

rewrite (outfile);

wI~telnc(outfile.P~lS2strl. PD82stz2. P[182stri. P't92st1-4, PbG2cti-5. Pflf2stre.

PDS2sti7. PDS2stil),

close loutfile):

ptoeedur. Pt2tdit (vat- p.rbflrkPt tinteger;

vat unitPri-ce.PLT,orde-Cost .hold~rac.

.hortcost, ualvlate. n=YrOM, t-atioPLTSlflW.

nueYrslFl~atorRate.obsolftate~diselate. inflate.

milEsent 'real);

vat- C028 stt-anglil;

A02313. F:101IA, 5020,*8023C. 80231'. 8055 *8057. 9050, B061 , 8073 ,COOSC. IJOZSE.

)tSLOSChI.Tt'.1StllbVOS.V22VIOIA.VV10I34.V295, real:

PtlI2strl: strlnglt4l;

PpB2sti2. PViB2stjoJ. PVB2str4. PDS2strS. PtlU2str6. Plfl2strl.

PDN2strU; strangl2551;

oditChoice: char:

done ±boo lean;

tnt i ., out file:teat:

beg in

ltetijeve selected ietault vatriables fliow file to edit)

assign :inftle.' dl2in-fil');

F-ee Inflle!:

rsadlinfile.PDI2strl. Pfi02.tr2. PtiO2stti. P#otri4. PtiS2strS. PtiU2Strt.
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civa. ml: jlel

CO4'm Copry I PDR2t I I5.S 11

attiTetr:.-copylPDOUSt 12.4226,15) BOI1:.2tr'1nVToRea1(Str1em-.,

atxi~er;.copyIPtJ2tr2,3.llI; BOS:-Gtar'floReal(Sw-Teqp;

r-t:Tesr:;.cor~yjP[182stoz2.21.51; CO5
7
C:.StrngYo~eamcStri'evr)

St,1rfeq:-CopyrPVBStiaur23.15); R-O2S:.t1ngTRealst1ep1;

sti-'eap, copy (PDti ui1, 15); : Ct:St 1rgtoeA I St -Tq,;

atxiTeW.-copylIPt:R2str5,318.15); "OJ:St1mngTReAlSrTewri;

st i1'emr:-copyiPE:2t i.211 .15); TD0:St i ng70eo I Sti sTrear);

strI-e': -copy cfOl2st-5.J22,15) KSD:.; St i ngoReaI(St i' .):

stire:-covyrtrn2st-S.124l.l; IS)CO R;St rngToReaIISt:1eW

sti-Tewn!corriPfjB2strS220.lS; V0tiRS:StrngtoReallStmTe):

atrIemp:.copry IPDs; trt.1I0tasl15 VIOIA:.StringoltealfSti'esp;

sti'emp:-Col yPtJB2strt.l21.l5l; V 102 i-St ringrolea II St ilem Pl);

strlemp..copylPtB2strt.lJ,.l5); VlO)4-.StrngroReax(StrrW);

str'Temp!.COpyIPD82sttr,l66.I5); V29S:.StiungoRalStrr;l

unitPlice:B055; ordercost :-VOXSR; shortCost i-VIOlA;

hcldiiAc:. SO??7 VIOLA . CR; wilEsnentrctC0O

PLTi = BOLIA:

done: -PA LSE;

wiiteln( THIS SCREEN ALILVS ED)ITING OF Ut! (tT HN INM7T PARAME.TERS 1

wti tel n;

writein;

witeln 11 A. Protb Break * ,Pib~rkPt:8, M. Kin Risk : '.V022:8:21;

writaln I' B. Shelf Life : ,C08,' N. Max Risk t * .V102:8:2);

mziteln I' C. Reqo; Sixe : ,8O1:8:O. 0. Ord Cost ! .,VOISR:8:2);

writein I ' 1. Unit Price : NSS5:I:2, P_ NSLQO : ,MSWJ.U12);

emitemn I E. Salv. Rate : tsalvRate:8:2, 0. Pio . eth : .t10259:8:0);

writoin 11 F. Piocur LT ± ,BOIIA:8;2. H. Shoitage : ,W034:11:2);

wilteln (' . Essential : WCOSC:0:2, S. RIO Low :.8020:U:2);

.IWute V1 H. Mf~g Set-Up ,805Y!8:2, T. R/O Consl-: ',V295:k1:2):

.titelo (1 1. obsol Rate :,BO57:V!2. U. Stem Rate : .SR8±l

.iiteln I' J. Li-uc Rate ± t0btl:8:2. V. lime Pie! m ,VIOIAmS8:2);

wi-iteln I' K. Ti- StIRS t '.TStRS:8:2, W. Today DY m.VV;)

em-itemn I L. Init Yr. ON: .,nuairsOM;8;2.' 1. PLY STD/WJ: '.ratioFLTS~TISWm:2);

em-iten V1 Y. Hum Yrs ERR: ',nusYrsRRM:S1;2. Z. Inflation Rate:- ,infRatem5:3);

em-i teIn;

em-itelmi V Hit ENTER to accept current values 1

niate (I ot letter of field to change:

ditmhoic.urthce;eky)
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w t~ 'Fti neiw Pizbit:ry Sio.ar Point: -

wriBtt I ('E ntegw3el fiW.20 ~e

end:

'C' :begin

HIitefll:t

write IU titr ntw Uneit rife;cde

delete ePDS2sta liii:5)

inisert [C026PflRsttri.9I5,P9st219

end:

'E' begin

wi-ite* Ine In~oavago Ratl , -rcto oode issms iciit innso ne

end;

'F" b e-gin

writ ciii

write O'Enter new Unit PoicentLatmeFra

SOSS;-CetReal IO.0,999990);

delete (Pfl2ti2.,.l5

insert iusoString(SO55A),PDS2etr24Bl;

insetrie:-B0S5;nI03C.D2tr.0

end;

'C' begin

wriate In;

-ratep C~nter new Avage Rte, fraction f itcot:'I

salVhat:GetRAlI.0.914.0)

end:

WF begin
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wiite ;B,:t.: new Manufacture: Set-ur, Cost: 1

delete Jsi.2.15

:ineein

wi i telnf:

wite ('Enei new Obsolescence Rate: 2

obsolftate: -8057;

delete (I'VS2str2,211.i5);

einsr lsot~gB~)PRsr1)

begin

wixit cla;

elite (Ronte: new tliscoun Rate: 2

deleteltJsi31i)

insert (Nuarostrang(ROtll1,PlS2Str].l):

end;

began

write ('atter new Time Betwven SiRS: 'I;

deolete (PtJS2str5,22b.1S);

insert lNum.ToString(TSLRS) .PO2taS.229):

end;

begin

Vi itelti;

write Inteb nleber of yeaia desAnd of initial inventory: 2

nnmyrsOfl:.Cet.Ral10.0,200.0):

end;

W:begin

writ tin;
write lantter new Minium Risk:,I

V022..GetFealfO.0.I 0);

delete (POHestro.lsi5):

insert (NumToString(V022) ,PD2trt.lt):

end;

'N' : bgin

wr itelsi;

witte 'IEnter new Maxuimum Risk: I

delete IPtiS2str6.121,l5);

insert lNusTogtrtnglVlOQL.Pi2strb.121):

end;

'0' ;begin

writ el n;

write 4'toter new Maxk I/It Ox-der Cost: )
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de let e tPVO2*tr5.24l1,IS5

insole I TuarStninIVO I SW,.PV@2.tj524l1

end:

wt t en;

wizte ViEntei new MeX Numtes of Quaiteis Safety Leve' Demand: i

NSLjQ1I:.GqtReAl 10.0.q4qQ4.01

delete fff~t5il!

inseltr IfhieloStx -g!NWSLO. PtI2t 53l1

*Entt ne- Pi-.tlesient Met hod:

delete (PDS2strJ,121.l5I;

Insert INu.ToStringIt10255).PVR2strJ.l2ll;

end;

Wi ito n;

write Elntci new Procurement Shortage Cost: I

V1034:.GtlotRealiO..9999149.f);

ShoktCott; -V1034;

delete IPfl2strb.l~til5l:

insert INuSToSttingIVlifl4.PDR2str,l,1t);

end:

begin

in itt In:

write (-nter new bSystea Reorder Level Low Lisrit Oty:

delete iPV92strS.91.lt):

insert I~umnTostring(RO20) .Pfl2strS,9ll;

end;

'T' :begin

ite In;

write ('Eoter niew Reorder Level Constraint Rate!

V295:-Get.Real ll.0,99qQ99.0);

delete 1P82trb,lsn.l5);

insert INumTStriniglV29S) .PD2str,lbt);

end;

'' begin

write In;

write PIntel neow storage Cost Rate:

et orRate: SCR;

delete lPDOtS1trS1l1l15l;

insert lNuflortringlSCRL)PIS2strSl@ll;

end;

'V ;begin

.witeln:

write ('Enter new Tine Preference Rate: 1
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ilisei t INumToStrIng VI01A).Pla2st:-c.10tj

'Wi' :begin

wi-t. In;

write 'Enter Today' s Date InYJJJ);

de-lett ;ptI~si IlS):

inset:t tNqmTortringlTt!PJS2str5. 211)

'C:begin

blit li,:

vrite ['Entea P121 sigm.I to, mu zatzo:'1

ratioPL.TSTMU:..Get-RMeail i0,l.0);

end;

'Y'; begin

writ. Ii;

write ('Enter nusber of years of economic retention:';

ntatrsMR:-GetReal C.C~nusYrOi);

end;

'':begin

wite In:

wite I'Entea current inflation rite:'I

inlkate:-GC.ReaI (CA1.0);

end;

chrll)): done:-fltJ

end;

util; done-flUE;

hotdFrac:.BO57 . VIOLA * SCR;

ssign outfi.. ywt2n-i)':

rwrite. loutfile):

wi-iteln(outfile.PlB2vtrI. Ptie2stiz, PtU2strJ., fltM~trt, PDt2strS. Ptia2stro.

PUS2str
7
, PUB2strS);

ClOse joutfilel:

clrsor;

end:;

rrocedure InitPt)96File;

Infile, outtile~text;

PDI2strI: string1243;

Pti2str2. Pti2sti, l'tiIstr4. PW92str-S. PDB2st-t.. Pti2sti7,

PDS2strS: stringI255j;

Ptftstrl:1 atrIanglu24l:

Ptwtstr2. PEtstsj.) PD8bstr4. PtJ8strS. Poibstrb. PObctrl,
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D)COO IV: a ng 1, 1

COlLAST IN.CGO 0 1 T CO:O I T . APR IS. hW7?.-

tCJ40: AI' rno: II:f; N,

SL I IA.S8i73. Na~lff,FNMTflP. flLYrft VflLflflI fLYfCY.t *S,. fttYZRC.

FvY' Y'A'T PXLYPLT- flCYPPR:SAV. M1LYPAT.FL QSZF:J1' .VSQPR. rroQPPs

FDQI'P14.T&C4'PRG. :;,P 0 .FZG'EPA'. 1 FtPA.. F:,F'FR'. 'IF-'.PPII

pU, ,. F.\ [40 o4. IS. ?:QI'&FI t , FC\-FiP 1 -.-PQP

F;PP2- SiPPA: I . PiPPEC, l. Pf'0... FSQPPS2-4, PCQPHI2S , FSQ PPRc -

*SPS7 rSOPflo.Rso~b . FSQPP~.FPPRJO PSOPfl. Itr~pf.FD 31 ' FVPP2k32.fWi,

KEA~ljf~ft0 1BO4A 0O148.6,21 C,8%, .SUI .Q.OA.OPACT.PLTPPS.b0I2F. Pv.

P1.RMLLCJ.F00W4S012E, RSOY OPPRI . SQPI2 .SQPPAkJ 04. SQPPAS ~k. SQPPlit.

QPtSOPP.SQPPR'i.SPP9,0PPRI0. 5QPSI I .SQPPR".SQPPPI],SQPPRI4. SQPOAIS.

scooPPo.soPPoIt.soPosIe$soent.09pn20.zonPRzz ,SOPP*2,59PPR2J.OQ00A24.

0000025. SQPfl2e .5000027, SQPOA2I SQPPR2Q. 5000030.50000t31,.000*32.

SSR0.SYSRCR,AVZI.Th00t.TSt32.b055. F007.z005.EXFL)tiRS,uPDEPrftm[

LXPDEFStM. FrUTiEFRs. pFlPriuSDr. POJAMrW. k63DVL PROJAO&Lwoswvnsu,

000JSSALVSC PRWSAOI. PROJSSNA, RkQSHAThND. ROSuoRrn .VLSJYS . WBLHASR.

VOLMIISQ. WJITSRRWP.t)I TSHflR: 1;t

asmigb (infjle,2vtP2out.fx-l

reset ( Intl.'*).

read iitxnfal,PtU2strl. PtI2stt-2. YO*2strJ. Pti2strA. 0v82str5, flfl2strn.

Coloe' ';d

LASTE:. -'Y:

t0460:.000000000'; JNIZAD

COO ITI:.'

CO W:..

RPR N :.-'N'

FI LLER:-*

streq..co'yIDU~tz24A,5); BOIA:'.StzingToReallStCTeq'):

.oztsr:copy~ta~st3.iII5) RO
3
;-Stoang'ToeaII~ttTeqI;

flCWt:.0. o" flELTUP:-O.. 0; flEYGIS;.0. 0:Pmnmff:o. 0; fllOSQRV: .0. 0:

flLYSYflO:.0. 0: PILYOPAST: .0.O;FlLYPLT: Z.FNlLYR SRV± .0. 0; flIYTAT: .0 .;

FOORSZ:-.O;t20001t:O.:FSPP7:..?SOPPRV:.:F9OPO:.0

0000P020r-0 0'080000P21..0.0;PSOPPfltfl:.0O:P002 0 SOPPRZI P12:.0.0;
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§F-.P~K.t 6:Q PFSQ PPR2.- . -FSPF6- FS PPR2:.-

str-TeO:.-coral fKI2stiZ 121 .S 1 0I:.rinrft ;ioeq

K&AZLnhAcrx: .6 - 3;KEANW000I0. 0 G'8 -. 0:

ac- I %a: .0 - f0;B SO I4c-. -C . 0;

At i'Teq':.Cqryeit2stra7.22qo. 15) : S0I :.~ttingroAea1 :Stilr":~p

BO2A:.0.:OAT..;PLWPI.,;.0.0.012:..O.

S!tT#W:.C~rrRI.P029t IS. %1.i.i; PPfl':s zim.J~oRe1 irz'f":I

REV:l .0. 0SPR:00

SQPPRJ; ". 0; SOPW4: .0. 0: SOPPAS: .0. 0; SOPPt :( .0 0: SOPfl7,.-0. 0,7SQPPRiO .0. 1;

SQPPft%:.0 - .0;SPPRO; .0. 0. SOPPOI 11: .0. 0; 0QPPS 12; -0. .0; sQPPi 3 : .0. 0;

SOPPS4.0o:SOPftS.-,:0.o;So .ps-b±.oM lp:.O.OoswPmgle..o;

SQPPP~q; .. :SOPPFt23: .0. 0;50Pfl21 ;-..; SPPA22: -0.. 0:SPP2J; .. 0

SQPPK24:-..;QPPR2S:-..; SOPPR~b; .O.;SQPPI2'..0 0;SOPPSZV-.0 0:

SOPPfi2O: .. 0SQPPAIO : .. ; SQPRJ1 : .. 0SQPPSJ32 ;-.0:O

SYB;0. 0:sy3fim: .0.0:

stus-oq:.cevp PB2sor2. 1. IS) A0.S.trrg:nI~of~

5t aTom): cpyI PJ62utz5.22t. 15 1 TPR:.strlingrotnl Istr~owi;

sti-Tefl! -con.1PTJ2t5,22b. IS) ?StWS±.St~IgTOf.AIfStrTnqpl;

strTeW:;.cq"yPD62aor2.jgjJs); B055- -Strzngooa.llsrfg,

tO 07 : 0. 0;Z :Os.o. 0;

£ZPtiFtS,-.o.; UXPDtFSR;.0 .0; flPOUSR;-..; FUPVCS: -0.0; FZXPO7SDfl: .0. 0:

fltOJA0; -0.0; PUOADUOI: .0.0: flDJSVR$L- -. 0: WSSADD:.0.0;

v13LHsRjesw.. VRBLffiSQ: .. ;WIITSCTP: .. ;WISSERTh; .. ;

Arte fl*b input tile)

PObttrl:.COOI. C0018. LASTIN. DO4tD. cocITI. COOI . cocIW. nnRin. OMYar

PD~bztz2:4AamToSta igIBO1A)atamToSrrgS7osysring ep'2rrJy1

lkflloSt ring (FULTUP).Nwf'ost ring (FULYMS) .0&stoStr ing iFHLYUI1.

NmaToStInIA IULYVSO*DM) +IismT*St ring I WSSUO).
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Fk~wrostr rgfO I I +.NhTo.rI ng102 IA) r-W~~Stnsr inoPAST.I
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CIO"e scstfalo);

end:

3z4. (Unit Pdunkit)
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unit Pnueue;

const KAZPCUEUESIZEJtiJ:;

type eiatakecoid - recorel

Qty! intogri

Week: integer:

end;

HeapAriaYyr1 -aiiay )l.APfYGZIof aarecord:

Piio[zityQu#Tyr,# - iccord

heapA Iwa y: HearArrIAyrype

end;

jost be calledi befoie the priority queue is first ised)

(Ailso resets the priority queue so it is empty)

procedure lnitialitePriorstygueue (var pgueue:PrioritygueueoType);

ferroi it cal led when it already has I4APQUIIESIZE elements)

pi~-lu~t Insert PriorityQueue Ivar i-Queue; Prori tyQucue~ype-; dat-adatarecoxld);

(itrsthe eent: with the larzgest valuea)

ferrot if no elements in the Priority queue)

function Curiweek li-Queue: Priol ityQucueType): integer;

function CuinQty lgOueuePiorityQueue~ype ):integer;

(rescues and returns the cloest with the largest valve)

(error it no elements in the priority queue)

functiton kxtractgty tvar pCueue± Prioritygueuerypel : integer:

f unct ion txtractweek (war rOuee: Prioritygueuerype) integer:

funct ion FmtyPriorityQueueo lp~uuPriori tygueue.Tyr*) aboolean;

function SizePriorityi;ueue cp~ueue:PriorityQueuerp) ;integer;

leseu~tat ion

(0110r if the binary trees that aie children of the index do not satisfy the

heap pirftrty)

procedure Heayify (var pouxeue:.PrioritygueuOrype; i:integerl:,

vat left, rightssallost. intsger;

teqfl ; dAtdacord:

begin

wiith i-Queu. do begin
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I f. Ir ru leftJ, nea,- -. -h. J

ieft:.I;I.tI-lf

seaI .t

if frleft * IeapSize) then begin

if IheapArrAy Ilghfc'.WeeK , ear-ArzarI t.Weetje) then beg n

sisal lest:- left

end

end

if smallest a- then begin

ter.pVai2: -h.ApArta.Yli I

heapAirayj i I :.vap-Ari aylnmal lest I;

hearAiz y Ismallest .tVemVar;

Heapry (Ixheuenafmllest'

end

end (with)

end: (rocedure)

(resuves and returns the elemient with the largest value)

(ellror it no elements in the priority queue)

function beap~xrractlfeek (vatr pQueue:Priurltyueu'type):integer:

begin

with pOueue dn begin

HeaptxtzaictWeek:.heapiray(1 (Weeok:

heapArrayf 11:=heapArray(heapSi~el;

heap~ize:aheapSize-l;

Heapify (poueue'l(

end twith)

end: (procedure)

(i-emovs and returns the elemeant with the largest value)

(exre if no elements in the prior,.ty queue)

function Hea,)Extiactoty ?vat pgueue:Priorrtyueu 'ypelinteger';

begin

with pQueue do begin

HeaptxtraetQty; .heapArrayl I Qty;

heapArriayl II -heapAnraytheaplsie(:

4eaplly (r'Oueue.((

* end (vi)

endA;(redu(

ferret ,f called when it already has NAXPVUEIKSIZt elements)
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ri,,ce'uke }1a-:nserx vat PQ~arue:Pi iorityoueueryae: uartatai,codl;

v..iidx paj no: integer:

ilone: boo Ilean:

begin

with pMeue doc begin

n~i.: -heaSize 1

pler:..dex iV 4

1f patent-; then begin

done: .TRUE

end else if (heag~rrdylpaientlIWeek data.week; then begin.

done: _TRUE

end;

while lindex I ) and (not done) do begin

hearArraylincexl :.deapAniaylparentl:

iew: -pa tent;

parentz-index dsv 2:

it paient.O then begin

done;i -TRUE

end elIse itf heapAi-r aylpaie nt I. Week *-dat a.Week) t hen begi n

done: .ITRE

end

end: iwhile)

heapArray Iti ndex I(:-dat a

end (with)

sod; (procsdut-eI

pr'ocediure InitiatlizePrioilttyOueue (vAt poueue:PriotitOueueIyr e):

vai i ndex: i ntegei:

begin1

p~ueue. heapSi ze: -0

end; (procedure)

procedure Irnsert Priority~ueue (vat, pucue;PrioritygucueType; data d~at accord);

begin

Heaplnsert lr'Qucue, data)

end: fpt-ocediure(

function Cut-Week (tOueue:Prilczityguu7Tr'e( integei;

begin

CuliWefi gUoeue heapAri Il~i Week:
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d; (unct I n)

funct ion, C.,r 10ty qvU,:- prir, y~e Integer;

-I I iOty Y! v- hripr rai y IQtv

.n11; (!finct lo..)

fucI On xt I act~t vol V ;e P1 ir it yQu-eTy7- I:teg9n,

fitiiCtQty:-Heapxt1r-.iry (rOueue)

."I: i f unrt Ion)I

fanctiont, WactWefl tvAr rgucue:P-rorityuu7Yin.;integer;

beg In

ExtractWek: .H..ptxtracnWeek (r'Qeue)

end; (function)

turrction Eapnyfriaortygucue (rgueu P ioiity~ueuer) bolan

beg 1n

LEhct P i irtyoueue..ue.bea*Psiz...t

end; iJunction)

function SizcPrroritygueu. (rQueue:-Priorrtygu~u.@.
1 *i ;ihtcgcr;

begin

SirePr icratyonicue .greue.hcapsrze

end; ( funct ion)

end. (unit PQueue)
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